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PKEFACE. 



The present little work would scarcely have needed a preface 
were it not that the Author feels some apology to be due to 
the public for the lengthened period -which has elapsed be- 
tween the work being promised and its present publication. 
The cause of this delay has been the full employment of his 
time in his vocation, which has left him little leisure for other 
pursuits, and he felt that it would be best on every considera- 
tion to delay the work until he could devote a sufficient time 
for its proper completion, rather than to throw it forth in a 
hurried and imperfect form. The general survey of the 
metropolitan roads has been written by Mr. Samuel Hughes, 
who was to have written the whole work, but was prevented 
fi'om doing so by the same causes as have occasioned the delay 
in its publication. To that gentleman the Author is also 
indebted for some useful hints upon the subject. 

H. L. 

Old Windsor, ITth April, 1860. 
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GENERAL SURVEY 



OP THE 



PRINCIPAL METROPOLITAN ROADS. 



With the view of arriving at some principles to guide us in 
the laying out of roads in new districts of country, I am not 
aware that any more instructive study could be pointed out 
than a brief survey of the physical features and geographical 
conditions which characterize the lines of the present great 
roads leading from the metropolis to various parts of the 
kingdom. 

It may be objected to this, that there are few districts 
which present any striking resemblance to the country sur- 
rounding the metropolis; and that, consequently, rules laid 
down as applicable to the construction of roads in this part of 
England would fail in their application to other districts, and 
to distant countries. It may also be objected that, with the 
exception of those designed by the Romans, the roads of this 
country were not the work of any set of people possessing 
superior wisdom and resources to the native inhabitants, but 
were, in fact, gradually contrived and executed by the natives 
themselves, during a long course of centuries, whilst they were 
gradually emerging from barbarism ; and were continued and 
improved, step by step, in proportion to the increase of our 
towns, the spread of our commerce, and the advancement of 
our intellectual resources. This latter fact would certainly 
lead to the conclusion that our roads, instead of being traced 
with reference to the physical features of the country^ wo\iL4. 
often he made subservient in tXieivt ^vt^cXAorcL \.^ '^►^'s^ \«»>^5q>x'^'^ 
and conditions ; such as the T^odWoTv oi \.QW£i^ '^^ ^jajss^'siy^ 

Hoad-maHng, B 



4: ROAD-MAKING. 

Stamford-hill is a ridge of inconsiderable height, with an 
approach of about one in twenty on each side. This inclina- 
tion, although too steep to be sanctioned in the modem system 
of road-making, which ought to have nothing steeper than one 
in thirty, is here of less importance, as both the inclinations 
are short, the steep part not exceeding a quarter of a mile on 
either side. 

Soon after crossing Stamford-hill, the road enters the 
valley of the river Lea, and keeps parallel to the Lea and Stort 
navigation, at a distance varying between half a mile and one 
mile, as far as Bishop's Stortford, where the navigation ter- 
minates. The road through Ware branches off at Stortford, 
and proceeds by Boyston to Cambridge. 

Immediately beyond Stamford-hill, the Cambridge line of 
the Eastern Counties railway approximates nearly to the 
turnpike road, and accompanies it in its course up the valley 
of the Lea, the railway keeping the central position between 
the road and the river. The river Lea, it should be observed, 
on approaching the foot of Stamford-hill, is turned out of 
its course by the horseshoe ridge already described ; and 
accordingly flows round it through Hackney-marshes, and, 
passing by Bow and Bromley, falls into the Thames at Bugsby's- 
reach, immediately below Blackwall. The railway, also, 
entirely avoids the high ground between Stamford-hill and 
its terminus at Shoreditch. Commencing at Stratford, out of 
the Norfolk line of the Eastern Counties, the Cambridge line 
winds round on the east side of the Lea, passing through the 
Hackney and the Leyton marshes, until it crosses the river a 
little below Tottenham-mills, and then proceeds, as already 
described, between the road and the river. The great detour 
made by the railway will be seen from the fact, that from 
Shoreditch to Tottenham High-cross the distance by railway 
is eight miles ; while, by road, the distance between the same 
points is only four and a half miles. 
A little south of Eingsland, tHa Toad. (mo?>%^^ ^"^'^^'sii^^ 
Canal, wbicb, by its communication mt\v ^J[i^ Q^t^tA ^xniRJCvosi 
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and the canals of the Midland counties, aflfords facilities for 
the transport of the Mountnsorrel and Nuneaton syenite ; and, 
accordingly, we find that the first tract of this road, namely 
for about two miles north of Whitechapel church, is made of 
this stone. The syenite is also partially used with broken 
flint gravel for about a mile further. It does not, however, 
appear to be used for the steep slopes of Stamford-hill, a 
situation in which it would prove more serviceable than in the 
flat district of Eingsland and Dalston. Over Stamford-hill, 
and for several miles beyond, the road metalling consists 
entirely of broken flints. 

THE EPPING ROAD. 

The next great road we propose to notice proceeds out of 
London through Bow and Stratford, entering Epping-forest at 
Leytonstone. It continues through the forest about nine 
miles, passing by Snaresbrook, Woodford, Chigwell-hill, 
Buckhurst-hill, High-beech, Jack's-hiU, and Epping. The 
road proceeds over Epping-plain and Thomwood-common 
through Potter-street to Harlow, where it joins the Cambridge 
road last described, about half way between Hoddesdon and 
Sawbridgeworth. This road, for about ten miles of its course, 
namely, between Stratford and Epping, may be said to occupy 
nearly the summit or watershed line of the high country 
between the rivers Lea and Boding. The ascent from Leyton- 
stone to Woodford (two and a half miles) is rapid, and the 
road then keeps nearly the summit of the country, passing 
northwards towards High-beech, parallel to the stream of a 
small feeder of the Lea. Beyond High-beech its direction is 
parallel to a feeder of the Boding, nearly as far as the Wake 
Arms on Jack's-hill. Passing over this high summit, the 
road somewhat descends in approaching Epping. On leaving 
Epping, the road ascends over Thomwood-common towards 
the sources of Cripsey-brook, one of the igrmcu^^I C<ift.dssa» ^^ 
the BodiDg. Although it \a \i«^ t^^'«l ^-^^X* ^^ '^'^ -t^^ 
summit between the Lea an^L t\v^ "^^vs^%, "^^^^ ^^'^ '^'^'*^^ 
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divides the country between them as far as its termination at 
Harlow. 

An interest of no common kind appears to attach itself to 
this forest road. It is probable that its track is very ancient, 
and there is every reason to suppose that the wandering gipsy> 
the cattle drover from the northern and eastern counties, and 
the pedlar — in days of yore a much itnore important character 
than at present — ^made use of it long before the valleys of the 
Lea or the Roding were occupied by roads. For military 
purposes, it is easy to see why a high district of country, 
lying between two valleys, should afford the most favourite site 
for a road, provided its undulations offered no very striking 
obstacle. We know that in former days this great forest of 
Epping was a royal hunting ground ; and there are not wait- 
ing, in the present day, names to serve as memorials of such a 
&ct. About two miles north-east of Ohingford, stands Queen 
Elizabeth's Lodge ; while Fox Inn^ Royal Oak Inn, Hunter's 
Hall, and similar places scattered about the forest, remind us 
of the sport which was there followed, and of the noble 
personages who shared in it. There are many indications of 
wells and springs of medicinal and healing virtues all along 
the main road through the forest. These were, probably^ 
waters containing certain proportions of alkaline substancesi 
such as those of Epsom, Wandsworth, Bagnigge Wells, Beulah 
Spa, and numerous other spots in and about London. 

The ancient character of this road, and the fkct of its having 

been a favourite highway for the traffic of former times, 

(marked by a circumstance from which one might also deduce 

another consequence, pointing to the lawless violence of that 

period,) is to be found in the name of a spot — ^Turpin's Cave— 

which will be found marked on the Ordnance Map, in a hollow on 

the right of the road, opposite the twelfth 'mile fh)m London. 

The many natural advantages enjoyed by this road, passing 

through an elevAted district, chiefly of gtckvel, with patches of clay, 

Tet&ining fitter wliere required, and yet ^bWiidasitVj ^twsi^Vj 

tie numerous foedera of the liea and tkfe "ftodm^, *^oYOfe^ \a ^^ 
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magnificent prospects which swell before the view on either 
side, have caused it to become a favoured residence with many 
of the most respectable and wealthy citizens of London ; and 
accordingly, the Forest road boasts an unusually large number 
of houses, villas, and mansions, of supeHor character. 

Although the track of this road is probably very ancient, it 
has been much improved of late years by cutting down the 
hills and filling the valleys, so as to reduce the inequalities of 
the undulating surfiace of the forest. The improvement thus 
effected, may be judged from the fact, that on the Chingford 
road, a parallel line lying on the west side of the forest, where 
the irr^ularities are not so prominent as in this central line, 
there are inclinations as steep as eight and nine to one; 
whereas, on the whole of the Epping road, there is no incli- 
nation exceeding one in thirty. 

Where the road has been lowered, the cuttings are com- 
posed of a very gravelly clay, which has uniformly slipped to 
a great extent, no precautions having been taken to prevent 
the slipping, by drainage or otherwise. The same remark 
applies to the embankments, which, besides absorbing the 
material from the cuttings, have beeii partially made up from 
side cuttings, excavated at the base on both sides, where the 
land is not of much value. The whole metalling of this road 
consists of the round pebbly flint gravel, which is found so 
abundantly in most parts of the forest ; and in summer, or to* 
lerably dry weather, the surface is commonly in very good 
order. 

This road, as far as Stratford, is principally composed of the 
Mount-sorrel syenite ; in addition to which, from Whitechapel 
church, where the street-paving ends, as far as Bow, a track- 
way of eight feet wide on each side, is pitched with regular 
granite paving stones, similar to the street pitching. 

This is of great service for slow heavy traffic, by which the 
trackways are chiefly used. This i^axt qC IVsa \«^^ ^ ^'3«^ 
£ftj to sixty feet in widtli "b^tYreevi ^'^ iQ^Xr^"^^^* 
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CHIPPING ONGAR ROAD. 



The next road in order, is that which passes up the valley 
of the Roding to Chipping Ongar, where it joins a line of road 
leading out of the Epping-road last described, at Epping itself, 
to Chelmsford. This Chipping Ongar road branches out of 
the Epping road at Leytonstone, and passing off in a north- 
easterly direction, falls into the valley of the Boding nearly 
opposite Woodford. Keeping close to the river for about a 
mile, it crosses over at Woodford-bridge, and then proceeds on 
the east side by Chigwell and Wolston-lodge, up to Abridge, 
where it again approaches the river. Beyond Abridge, the 
course of the river is nearly eastward for about two miles, 
during which, the road closely follows it, crossing at Passing- 
ford-bridge, from which point they both pursue a north-easterly 
course to Chipping Ongar. 

There are great defects in this road, and it evidently appears 
to have been designed to suit a succession of private and 
inferior interests, instead of the general and public convenience. 
Between Woodford-bridge and Abridge, a distance of four 
miles, this is more particularly the case ; the road for some 
distance between these points, as at Chigwell, for instance, being 
fully a mile from the river, without answering any ostensible 
purpose, except that of encountering very high and undulating 
ground, instead of a perfect flat. Every engineer knows, that 
in following the course of a river, either for a railway or a 
common road, it is advisable to recede from the river, where 
secondary valleys intervene, so as to cross these high up, where 
the depth of filling will be small ; and on the other hand, to 
approach the river where promontories of high land intervene 
with these secondary valleys, so as to reduce the depth of cut- 
ting as much as possible. The very opposite has been done 
in this case, inasmuch as between Abridge and Woodford-bridge 
the river h turned from its course, and diverted to the west, 
^ /^a ijgb projecting land jutting out itom "R^ATi^xikVViciteBX, •, 
^nd the road, instead of following t\i\» N^ealvJ«>x^ \>^Ti^ ^^ ^^ 
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river, actually projects in a corresponding manner to the 
eastward, so as to catch a great deal of the high ground of the 
forest, both north and south of Chigwell. This defect in the 
construction of the road, has probably been occasioned in 
accommodating an extensive group of villas and superior re- 
sidences in the neighbourhood of Chigwell, Wilcox-green, the 
Rolls, Wolston-lodge, &c. ; and although it might be very 
desirable for the owners of these to seek an elevated situation 
on the flank of Hainault-forest, commanding views across 
the low country of the Roding, and bringing into the landscape 
the many objects of interest which crowd the opposite slopes 
of Epping-forest, this still appears to be a very imperfect 
reason for carrying the road over so undulating a country, to 
the permanent injury and mischief of all who have ever to 
use the road. The first error is made in carrying the road 
suddenly down from Snaresbrook-farm to the Roding, where 
the descent increases from one in thirty-two to one in seven- 
teen, and continues at this latter rate for some distance. 

Again, at Woodford-bridge, the road rises much too suddenly 
from the river, and strikes at once into the high ground, which 
in all such cases should be gradually skirted. A considerable 
part of the ascent from the river to the turnpike gate, at 
Wilcox-green, is at the rate of one in twenty. The road then 
continues with moderate undulations till about the tenth mile, 
when it descends to Chigwell-brook, at the rate of one in 
twenty-five, which increases at one place to one in nineteen. 
The a*scent from the stream up to the vicarage, is at the rate 
of one in twenty. Beyond the vicarage commences a long and 
uninterrupted descent of about a mile and a half, beginning 
with one in sixty, increasing to one in twenty-five ; then a 
short piece of one in forty-five, increasing to one in thirty ; 
and at Rolls-farm becoming one in twenty-five, and continuing 
about the same rate to the bottom of the hill, which is little 
above the valley of the Roding. 
It will he seen from the precfe^Vo.^ ^^T^^i.^ 's^V^^^s3^^^ '^'^ 
the existing road, how very mfexvoT Vc. \^ ^<^ ^Xm^^^^*^' 
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be traced alongside the river, instead of passing over the high 
ground of Wilcox-green and Chigwell. An excellent line of 
road might be traced from Snaresbrook-farm, where it should 
leave the present road, descend very gradually the slope of the 
Eoding valley, passing between Ray-house and Ray-lodge, 
and crossing the river about opposite Monkham, or Lord's 
Bushes, and then sweep round on the east side of the river, 
keeping within a distance of twenty or thirty chains, and 
passing between the stream and Wolston-lodge, and might 
join the present road between the twelfth and thirteenth mile 
from London. 

Between Abridge and Chipping Ongar, the road is laid out 
more in accordance with the natural requirements of the 
country, although there are several spots where great improve- 
ments would be made by trifling deviations. 

THE CHELMSFORD ROAD. 

The next in order is the Great Chelmsford-road, which 
also passes out of London through Bow and Stratford, and 
continues on through Great Ilford, Romford, Brentwood, and 
Ingatestone, to Chelmsford, where it divides infco two branches, 
one of which passes by Brain tree and Halstead to Bury St. 
Edmunds, and thence by Thetford to Lynn, and various other 
parts of the Norfolk coast ; while the other branch goes on 
by Witham, Colchester, and Ipswich, to Norwich, where 
again numerous other roads diverge to Cromer, Cley, Wells, 
and other sea-ports. 

It is remarkable, that this road consists of a series of nearly 

straight lines from one town to another, the bends taking place 

at the towns, while the intermediate parts are straight. Thus 

from London to Bow, is straight ; at Bow, the road bends 

more to the norths and is straight to Stratford ; there it bends 

again to the east, and is nearly straight to Romford, seven 

miles ; at Bomford, it bends again to t\ie n.0T\k, ^Tid.\% li'^axlj 

straight to Brentwood, six and a lialf miles ', t\ieT^ \\,'Vi«!kSka %\j^ 

^ He north, imd continues nearly stxaigliit t\Mco\x!^\cL^^^'wstkfi 
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to Chelmsford, distant twenty-nine milee from London. This 
road is closely accompanied all the way to Ipswich by the 
Norwich branch of the Eastern Counties railway. The railway 
keeps on the north side of the road for about eight miles out 
of London, when it crosses to the south side, about a mile be- 
yond Ilford, and proceeds nearly parallel as far as Brentwood, 
where it makes a remarkable curve to the south-east, in order 
to gain lower ground at that summit, and then continues 
again parallel to the road, as far as Widford, about a mile 
south of Chelmsford, where it again crosses to the north side 
of the road, and so passes Chelmsford on the west or north- 
west side of the town. The engineering difficulty of passing 
oyer so low a leyel as that of the Chelmer on the east side of 
the town, is supposed to have dictated this deviation to the 
north-west. There is at present an extensive viaduct over the 
Cam, above the town, and this work would of course have 
been much more serious, if constructed over the low level of 
the Chelmer, on the east side. Without this supposition, it 
is not easy to conceive why that side of a town, possessing a 
navigable communication with the sea, should be deserted for 
the other side, where no such facility exists for transverse 
communication. 

This road, as far as Brentwood, eighteen miles from London, 
may be said to pass up the valley of the Thames, crossing the 
following feeders of that river ; Ist, the Lea at Bow, three 
miles from its mouth ; 2d, the Roding at Hford, about four 
from its mouth; 3d, the Bourne-brook at Romford, about 
five miles from its mouth ; 4th, the Ingreburn-brook, three 
and a half miles north of Romford, about eight miles from its 
mouth. All these streams, and a few intermediate ones, also 
crossed by this road, flow into the Thames, and their mouths, 
of course, are the points of junction with that river. The 
country through which the road passes is very flat from 
London to Ilford, seven miles-, t\i^ To^J^^^TL\i^\7«^»s^"'^'^'^^ 
And Romford rises into a some^Ai^^. \i\^«t c.wosi.^Y^n^*^'^^^^ 
the southern slope of HamauU - fox^^^. ««^^ Ts^vgcN. ^ 
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be improved by a diyersion southward, in some part of this 
length. 

After crossing the Bourne-brook at Eomford, the road 
ascends to a summit opposite Hare-hall, and then descending, 
crosses a feeder of Ingrebum-brook, and runs parallel for 
about a mile with the brook itself, which it crosses at Pitwell- 
bridge, and then takes the course of another of its feeders, as 
far as Brentwood ; here is the summit of country which di- 
vides the waters flowing to the Thames, from those which flow 
in a north-easterly direction into the Blackwater. One of the 
principal streams of the Chelmer rises about a mile south-east 
of Brentwood, and flows nearly in the direction of this road to 
Chelmsford, where it joins the Chelmer* in its course to the 
Blackwater at Maldon. The road north of Brentwood passes 
down the valley of this stream, crossing numerous tributaries 
which flow in a south-easterly direction, and thus affording an 
example of that very common case in which a road passes in 
the direction of a river- valley, and crosses all the secondary 
valleys and intervening ridges. After crossing the Cam and 
the Chelmer at Chelmsford, the road passes on through a more 
level country to Witham and Colchester, 

THE BAEKING ROAD. 

The next in order is called the Barking-road, beyond which 
place it is continued on through numerous small towns and 
villages in Essex, till it reaches Southend and Great Wakering, 
being there stopped by the line of the eastern coast. This road 
owes its elevation to the rank of a main line of turnpike road 
to a comparatively recent date, and consists of a number of 
short pieces of road joining a series of small towns or villages, 
all united together, the gaps being made up by new pieces of 
road, and the whole formed into one continuous line. We 
may hence expect to And that its course is somewhat circuitous ; 
and accordiDgly, although the coxmtxy \a Tieiwl^ c^vta flat 

The Chelmer navigation commumcateft a^jt^xe "^ot\. o\ "ilLaJL^WL V^Sa. 
ic Blackwater, an arm of the aea. 
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throughout, we find it bends at every group of houses, into 
the direction of the next group, lying in any thing like the 
proper direction. This is remarkably the case east of Eainham, 
twelve miles from London, beyond which place the road is a 
complete series of zigzags. This road passes out of London 
through Limehouse, and proceeds to Eainham, through Plaistow 
and Barking. In all this part, it lies entirely in the valley of 
the Thames, barely skirting the high ground which adjoins 
the marshes, but lying more immediately in the marshes them- 
selves, and so crossing, at moderate elevations, the various 
streams which debouch into the Thames. Beyond Rainham, 
the road passes on through Wennington, Aveley, and Stifford, 
making a considerable bend at Wennington, in order to keep 
clear of the marsh of that name. 

THE DOVER ROAD. 

Having now completed one-fourth of the circumference round 
the metropolis, namely, a quadrant from its meridian to the river 
Thames, which flows nearly towards the east ; we shall next 
take the first important road which occurs south of the river ; 
namely, the old Canterbury and Dover-road. This famous 
road, so well known, and so much used before the present 
South-Eastern railway became the great highway to the 
continent, boasts of a very high antiquity. Not only is part 
of this road mentioned by Shakespeare,* but it is known that 
other parts of it were the work of the E-omans, and formed the 
great line of way called the Watling-street, leading from 
London to Canterbury. This road proceeds out of London 
from the Elephant and Castle, where the first part of it is 
called the Old Kent-road, and the Dover-road. It then 
proceeds through Deptford, and passing at the back of 
Greenwich-park, crosses Blackheath, and passing over Shooter's- 
hill, goes on through Bexley and Crayford, to Dartford. 

The part of the road comi^m^^ "Vi^V^^^-^L ^^'^^\^'^x^ "^^x^ 

* G&d'shilJ, opposite the village oi ft\^m, S& "O^fe ^'^^'«^ ^"^ *i 
robbery of the Sandwich carriers.— ^ee ^^i«^L«^«t^^^«5 oS^^coa:^ 
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Dartford is very hilly ; and though geographically located in 
the valley of the Thames, yet it derives very little advantage 
from this, being situated in^a high and hilly tract of country, 
which closely approaches the river at Greenwich, Woolwich, 
and Erith ; and the road keeps high up on this elevated ground, 
crossing the various streams not far from their sources. The 
part between Greenwich and Dartford being quite straight, 
was probably part of the old Watlingngtreet, and being de- 
signed by the Romans essentially for military purposes, was 
carried by them at such a high level, as to command the 
adjacent country, in order that it might afford sites for ob- 
serving the motions of their enemies, and cause the earliest 
intelligence of a rising or surprise to be circulated with the 
utmost rapidity from one station to another. 

It is impossible to review here all the modern interests that 
may make it desirable to preserve the road in its present 
direction ; but assuredly, as -far as levels and the physical 
features of the country are concerned, the road is a very bad 
one, and far inferior to one which might be formed by Wool- 
wich, Erith, and thence across the Dartford marshes, to join 
the present Dover-road at the village of Greenhithe, about two 
miles beyond Dartford. Such a road, which might either be 
made within the marshes, or skirting the rising ground all 
the way, would be just one mile longer than the present road ; 
but this excess of distance would be amply compensated by 
the improved levels, and consequent decrease of draught for 
the horses. 

It is remarkable that the next length of this road, namely, 

between Dartford and Rochester, is entirely deviated from, by 

the modem road which passes round by Greenhithe, Northfleet, 

Gravesend, Chalk, and Gad's-hill, till it falls again into the 

Roman road at Strood. From Dartford to Strood, by the 

old Watling-street, which is nearly straight, and may still be 

traced, with the exception of about a m\\e at^NTa.'5i^coTa\i-^^TV^ 

the distance was eleven miles, while tlie dia^^nc^ \i7 ^^ ^x^- 

9eae road is exactly twelve miles ; and "here ^^m^i\v^ ^\?,\a?citia 
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i0 as amply compensated as it would have been by a deviation 
between Greenwich and Dartford. It may be worth notice, 
that G^'s-hiU, the name of a spot already referred to as used 
by Shakspeare, is on the deviated road between Gravesend 
and Strood, showing that in his day the traffic was carried on 
in the same route as at present. This point of Gad*s-hill 
is on the Higham ridge of high ground, through which the 
Thames and Medway-canal is carried by a long tunnel, about 
a mile east of Gad*s-hill. 

After ' crossing the Medway at Strood, and proceeding 
through Bochester and Chatham, the road proceeds in a per- 
fectly straight direction through Bainham and Milton, by 
Sittingboume and Faversham, to Canterbury; the whole of 
this part being the same road as that used by the Eomans, 
under the name of Watling-street. 

The following notes of the gradients on this road, between 
Deptford and Dartford, will show how much has been sacrificed 
in order to obtain a straight line ; the ascent from Deptford 
to Blackheath, is at first one in seventeen ; opposite a new 
church on the north side of the road, one in fourteen ; a little 
further on, one in eleven : rounding off again to one in four- 
teen ; and so continuing nearly to the Green-man inn. 

The ascent of Shooter's-hill, at one hundred yards west of 
the eighth mile-stone, is one in eighteen, at fifty yards west of 
ditto, one in eleven ; at the mile-stone, one in eleven ; the hill 
then rounds off gradually to one in eighteen ; and so continues 
for some distance. The descent from Shooter's-hill towards 
Bexley soon becomes one in sixteen, and increases to one in 
thirteen; at fifty yards further on, one in eleven, and so 
continues for several hundred yards. " By degrees, it becomes 
one in thirteen, and near the bottom of the hill, slopes off to 
one in twenty-two, and so gradually diminishes. Even these 
gradients at Shooter's-hill have been attained by a considerable 
cutting on the west side, whicla.Yia.s.'Vi^^Ti ^^Ttv^\ ^^'^^j^'jyx^ v^ 
embankment, to raise tlie foot oi ^^ \SS^ '^>s^^ -saa^«e^.^^2 
probably plastic clay, \vhich\iaB ^\\^^^^\,Q^^^'^«^^^^^^'^^'^'^ 
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These disadvantageous gradients might all be avoided bj 
taking the road bj Woolwich^ and so along the marshes o£ 
Plumstead to Erith, as before pointed out. The road through 
Lee, Eltham, and Bexley, which falls into the Dover-road at 
Crayford, is also very superior in point of levels, as it entirely 
avoids both Blackheath and Shooter's-hill, and the access in 
length is inconsiderable. 

THE MAIDSTONE ROAD. 

This road passes out of London like the last, by the Kent- 
road, and Dover-road ; out of which it branches at Deptford, 
and continues by Lee, and Eltham, Footscray, Farningham, 
and Wrotham, to Maidstone, where it divides into two lines, 
one of which goes on to Hythe, Folkstone, and Romney ; while 
the other takes a circuitous course to Tenterden and Rye. 

Prom Deptford nearly to Eltham, this road follows the 
course of a branch of the Ravensboume. At Eltham, it turns sud- 
denly almost at right angles towards Footscray, passing over a 
summit, and descending to the level of the Cray, at the latter 
place. From Footscray, it passes on in a south-easterly di- 
rection, and crossing another summit, descends at Farningham 
to the level of the Darent. From this place the road rapidly 
ascends into an elevated chalk district, by Hever-farm, Porto- 
bello, and the Horse and Groom, and then rapidly descends 
into Wrotham ; and thence on through a tolerably flat district 
of country, lying between the chalk escarpment, and the 
green- sand range, to West Mailing and Ditton, and thence to 
Maidstone. 

The descent at Wrotham must be very steep, and although 

a little artifice has been resorted to with a view of increasing 

the length of the descent, and so reducing its steepness, this 

has not been sufficiently carried out ; and this passage of the 

chalk range consequently remains a highly objectionable 

feature in this road. If the road "had lio^pf to \ift m^d^, \i v& 

probable that a very different course would \)ftdecv.d^d otl \ «sA 

j|5# modem engineer would certainly look iox ftom% \v^'Cv>x^ 
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pass through the chalky and if he could find no riyer passing 
through it from the south, would next seek some spot where 
a great depression existed, indicating the probability of some 
ancient rush of waters having formerly taken place there. 
Nothing of the kind has been done here; the passage at 
Wrotham appears to be a forced and unnecessary one, neither 
judicious nor expedient, and quite inconsistent with the most 
ordinary and common-place of the rules applicable to such a 
case. Nor shall we have to search far for such* a gap in the 
chalk, for Maidstone actually stands on the Medway, which 
flows northward completely through the chalk by Rochester 
and Chatham. 

He would probably therefore carry his road straight up the 
valley of the Medway, to Cuxton, where he would cross it, then 
continue it by Nursted and Longfield, to Sutton-at-Hone, where 
he would cross the Darent, using where practicable pieces of 
existing road which lie nearly, or quite, in the proper direction ; 
and thence in a straight line to Footscray, making the distance 
from Footscray to Maidstone twenty-three miles, exactly as at 
present, with the advantage of intersecting a much more level 
country, and so obtaining a better road. 

The principal branch of this road proceeds from Maidstone 
to Langley and Sutton Valence, where it crosses the green- 
sand formation, and then proceeds by Headcom, through the 
wealden district of Kent. 

The gradients on this road are tolerably good, until it 
reaches the chalk district. The principal hill is at Eltham, 
where the inclination on each side does not exceed one in 
twenty. 

ROADS FROM LONDON TO TUNBRIDGE. 

Thebe are two roads branching out of the Maidstone-road 
last described, which lead to Tunbridge, The first of these 
commences two miles north of Wrothasa., cxq^s^^ ^^ife ^5m6^ 
range at Old Terry's Lodge, au^ ^^^«9» Vj ^.^c&aassi. ^ss^ 
Shiphome, to Tunbridge. T\i\a loxxai \^ Xv^Wt^ \i^ ^^ ^ 
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serious objection as the one bj Wrotham, namely, that it 
crosses the chalk where no natural gap nor depression exists^ 
and that within a mile of the other crossing at Wrotham. 
The other road commences at Famingham, and passes up the 
vallej of the Darent, bj Lullingstone^ Ejnesford, Shoreham, 
and Otford ; joining the real London and Tunbridge-road at 
Maidstone. This road passes through a yerj easj countrj, 
and is laid out on the sloping ground of the vallej of the 
Darent ; jet although everj facilitj is afforded for making a 
road almost practicallj level, and with no inclination steeper 
than would be requisite for good drainage, it does not appear 
that the natural advantages of the ground have been followed 
in a judicious manner, although there is no steep inclination 
in climbing over the chalk, as at Wrotham, or Old Tertj's 
Lodge. We come lastlj to the so-called direct Tunbridge* 
road, which although shorter than either of the others, by 
Ightham or Otford, is still made verj circuitous bj a great 
number of wavies and bends, fbr which it is usually difficult to 
conceive anj adequate reason* 

This road commences out of the last described, between 
Deptford and Lee, and following the course of the Eavensboume 
river, passes through Bromlej, and on to Bromlej-common 
and Famborough. This latter place is situate on a ridge 
which nearlj ranges with the sources of the Eavensboume and 
the Oraj, and the countrj here becomes very irregular in its 
formation, the vallejs and ridges assuming various directions, 
and presenting serious difficulties to anj road or railwaj passing 
across them. This continues as far as the summit of the 
chalk, nearlj to the Star Inn, opposite Chevening, a distance 
of about five miles in a straight line from Farnborough. 

The road, however, owing to its numerous bends and curves, 

measures about six miles between these points. At the Star, 

it descends, bj a circuitous course, to the comparativelj low 

couDtij between the chalk and the green-sand, and then ascends 

ifj- Biterbead and Seven Oaks, tiW it tee>^e» ^^ ^vrcmKiX. 

of tie Band range, at the soutlx comer oi XjioW^xV, ^V^t^ \\. 
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rapidly descends this second range, and passes on throngh a 
tolerably level country to Tunbridge. 

The road here separates into several branches, one of which 
proceeds by Tunbridge Wells and Mayfield, to Pevensey and 
East Bourn. Another goes by Lamberhurst, Robertsbridge 
and Battle, to Hastings ; and a third goes by Lamberhurst and 
Sandhurst, to Bye, 

EOADS FROM LONDON TO LEWES. 

The first of these, by Westerham, Edenbridge, and Hartfield, 
is identical with the Tunbridge-road, as far as Bromleyr 
common, where it takes a more southerly direction than the 
Tunbridge-road, following closer the valley of the Bavens- 
boume, up to Keston-common. At Eeston village, the road 
makes a great angular projection westward, in order to avoid 
Holwood-park, and then enters the same elevated irregular 
chalk country as that already described between Famborough 
and Ohevening. The bends on this road are also very con- 
siderable between Eeston and BetsomVhill farm, the summit 
of the chalk ridge. From Eeston to Bradfield, about one mile 
and a half, it passes very obliquely over a projecting tongue of 
the chalk, and then there is an attempt to take advantage of 
one of those long, and sometimes straight coomhes of the chalky 
which have been hollowed out by ancient currents of water. 
This coomhe runs out, as it is called, before coming to the summit 
at Betsom's-hill, so that it forms no gap or depression in the 
chalk ; and it does not appear, even where the coomhe is a distinct 
and decided hollow, that the road has been laid out with any 
remarkable judgment. The road descends from the high chalk 
country at Betsom's-hill, and passes on by Westerham to 
Westerham-common and Oockham-hill common, the summit 
of the sand range, which it penetrates in the same bold manne r 
as it has already done with the chalk ; and having arrived in 
the wealden district, proceeds through. 211 VAfit^Ws.-^ ^^^'^^«^w:^^ 
bjr Edenbridge and Cowden, on to 'SLwV^'^^^ «sA Vj V-s^"^*^ 
Sonted, to Lewes, 
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The other road to Lewes is identical with the road to 
Brighton, (which will presently be described,) as far as Rid- 
dlesdown, about thirteen miles from London, where it diverges 
to Godstone, passing over a more favourable district of the 
chalk than those which have lately been noticed. The chalk 
summit is passed about a mile north of Godstone, at a point 
where there is a considerable depression. The road then pro- 
ceeds through the village of Godstone, on to Tilburstow-hill, 
which it crosses, and which is composed chiefly of sand. It then 
passes on through rather an elevated and irregular part of the 
wealden district, by Blindley-heath, Frogwood-heath, and 
Felbridge, on to East Grinstead, whence it goes on to the west 
side of Peppingford-park and Sheffield-park down the valley 
of the Ouse, to Lewes. 

ROADS PROM LONDON TO BRIGHTON. 

« 

Tub first of these is the old road through Croydon, which 
leaves London by the Elephant and Castle, and, after passing 
through Croydon, proceeds along Smitham-bottom, up to 
Merstham, where it intersects the chalk summit, and then 
goes on, by Eed-hill and Earl's-wood-common, to Horley and 
Crawley. This is the wealden district, in which the road 
continues till it meets with the chalk range of the South 
Downs, which it ascends at Clayton, and thence passes down 
to Brighton. 

Most of the roads we have lately been considering have 

passed southwards out of London, either up valleys leading 

them on to the elevated heights of the chalk formation, or over 

comparatively low tracts, sloping gradually upwards to the 

chalk, and have experienced no difficulties until they reach 

the irregular cooTnbes, or broad furrows, with their intervening 

ridges, which everywhere distinguish the chalk district on the 

south side of London. The eoomhes themselves are usually 

J^/Ied with deposits of flint gravel, the debris of chalk, much 

mixed with the actual matter of ch?Ak, \Ai\\& \Xv<a ^«^i^\ft^ 

ridges between are usually compoaed oi c\la\\L\Ufe^i. '^V^'Vi^^^ 
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of flint gravel, intermixed here and there with chalk wash, 
frequently overlie the edges of the plastic clay ; and the hollow 
points, where they cease and where the clay commences, are 
usually the sources of streams, which flow over the plastic clay 
into the Thames, which drains the whole district. 

The Ravensboume and the Wandle are the principal streams 
which rise in this way in this part of the country ; and it is 
remarkable that there is a considerable breadth between these 
rivers, and that all the intermediate country is too high to be 
penetrated by any but secondary streams, or feeders, of these 
two principals ; that no stream of any consequence goes through 
it to the Thames ; and, in fact, that it embraces no streams 
whatever except those which arise from the elevated strata of 
the district itself, and which are quite unconnected with the 
extensive chalk country lying beyond it. 

The country drained by the Wandle and the Kavensbourne 
is of a triangular shape, the apex being at Selhurst-wood, 
about a mile north of Croydon, where the sources of the eastern 
branch of the Wandle and the most western branch of the 
Ravensboume are within a quarter of a mile of each other. 
These two streams take a circuitous course round the high 
district in question, and diverge so far from each other that 
the distance from the mouth of the Wandle, at Wands- 
worth, to that of the Ravensboume, at Deptford, is not less 
than eight miles in a straight line. The high country lying 
within these limits includes Clapham-common, Rrixton-hill, 
Heme-hill, Dulwich, Peckham Rye, Nunhead, New Cross- 
hill, Rrockley, Forest-hill, Sydenham-hill, Dulwich-common, 
Streatham-hill, Upper Tooting, Streatham-common, Upper 
Norwood, Penge-common, Beggars'-hill, (fee. The district which 
embraces these spots must be exceedingly well known to those 
at all acquainted with the country round London ; but it may 
not at the same time have attracted general observation that, 
with the exception of the Brighton-road, now about tA ^<^ 
described, and which lies rat\ieT otl \Iti'5i ^"sy&X/sc^ ^^'^^ '^ "^"^ 
high ground, there is no mam to^ \i^^\^^^CKt^^^'^'^^ "^ 
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that the distance between this road and the Bromley-road last 
described is at no place less than four miles; and that at 
Bromley itself the distance between the two roads is upwards 
of six miles. 

It is true that there are many roads in most parts of the 
district here referred to^ leading to all the numerous places 
above mentioned ; but none of these are main roads^ nor does 
any of them ever form the road from the metropolis to places 
lying beyond the elevated district in question. 

The Brighton-road, leaving London by the Elephant and 
Castle, and passing to Croydon, through Brixton and Streat- 
ham, passes, as we have said, through this district^ but quite 
on the east side of it, where the elevations are much more 
depressed than in the more central parts by Norwood, Syden- 
ham, and Forest-hill. In fact, the rise from St. Matthew's 
church, Brixton, up to Brixton -hill, and on to Streatham-hill, 
is the most considerable one between London and Croydon. 
The ground at Streatham- common, although high, is tolerably 
level ; and immediately beyond the common commences a 
comparatively new piece of road, three miles long, and almost 
perfectly straight the whole way into Croydon ; so that upon 
the whole, the Croydon part of this road may be termed 
tolerably perfect, with reference to its selection and design. 
It may be added, that though not quite straight between the 
Elephant and Croydon, as it bends at Streatham to the extent 
of a mile and a half west from a straight line, yet this appears 
judicious, as a much lower country is thereby intersected, and 
the ascent is much less than it otherwise would be. The ascent 
from the Elephant to Croydon is about 140 feet ; and on any 
other route intended to shorten the length of the line, it is 
probable that in several parts the country would attain a 
greater height than the level of Croydon, so that there would 
be a loss of power in the unnecessary ascent. 
, Beyond Croydon, this road passes up an extensive eoombe, 
or hollow in the cialfc, termed Smit\iam-\>oUoia.^ Vxa^oi^ \»«i 
a tridiDg extent, to accommodate itsd£ ^o t\xft V£Te^ga;WvXAft& q»1 
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the ground. The Brighton railway passes at several plaoes so 
close to the road^ that diversions of the latter have been made 
to keep it clear of the deep cuttings and spoil banks of the 
railway. In passing the Merstham summit, the railway goes 
through a tunnel more than a mile in length, with cuttings of 
great depth at each end. These are rendered necessary by 
the comparatively flat inclination of twenty feet per mile, which 
has been adopted for the railway on both sides of its summit, 
whereas an inclination of 176 feet per mile on the road, will about 
correspond with twenty feet per mile on the railway. Descend- 
ing from Merstham, the road passes across the flat district of 
the gault and upper green-sand to Red-hill, where the soft 
sand has been cut through, and enters Earl's-wood common, 
the edge of the wealden district. From this place, it continues 
through a tolerably flat country, and in a tolerably ^straight 
direction, till it again encounters the chalk at Clayton, near 
Brighton. 

The other road to Brighton, commonly called the Sutton 
roa^y passes out of London by Olapham, over Clapham-common, 
a^d then proceeds, by Tooting and Mitcham-grove, to Sutton. 
Hence it takes nearly a straight course across the chalk to 
Banstead-downs, passing over Banstead-heath and Walton- 
heath, whence it bends considerably to the east, in order to 
gain a somewhat more favourable point for crossing the chalk. 
About fk mile north of Reigate, the descent from the chalk 
oommencw, the road doubling back towards the west, in order 
to diminish the steepness ; and when about half way down, 
passing for some short distance quite in a westerly direction, 
and then making straight for Reigate, which it enters rather 
on the west side of the town. The road emerges from Reigate 
rather on the east side, and then skirting Lord Somers' park, 
passes by a deep cutting at Oockham-mills, through the sand 
ridge, and then proceeds across the wealden district in nearly 
a straight direction over Hookwood-common, to Povey-GTiQssr» 
near Horley, where it falls into t\i^ ol\iQiT'^TV^^'^"S55R^^'^'^ 
distsmce of tweaty-seven miles feomliOVjAaiu* 
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The first part of this road, from Kenniugton to the crossing 
of a branch of the Wandle at Tooting, lies still more to the 
westward, on the slope of the high country of Brixton and 
Norwood, than the other Brighton road. Clapham-common 
is rather an elevated point, but all the inclinations are very 
moderate as far as the street of Sutton, where the ascent is 
steep. Here also commences the true chalk country, which 
continues to ascend over the Downs and over Banstead- 
heath and Walton-heath. Between Sutton and the point 
of descent from the chalk, the road bends considerably to 
the west, in order to take advantage of a more favourable 
surface. 

ROAD FROM LONDON TO WORTHING. 

This road diverges from the Sutton-road last described, at 
Tooting, and passes by Merton-abbey, Mitcham, and Mordon ; 
thence in a straight line nearly to Ewell, then through Ewell 
and Epsom, Ashtead and Leatherhead. Here it enters the 
celebrated vale of Mickleham, and passes up the valley of 
the Mole, through the village of Mickleham, by Burford-bridge, 
to Dorking. Then it proceeds through the wealden country, 
over Holmwood-common, by Oapel and Warnham, to Horsham. 
From this place it goes on to West Grinstead, and at Storring- 
ton intersects the chalk of the South Downs, passing through 
a deep cutting, and then descending to Worthing. About a 
mile south of Tooting this road makes an extraordinary bend 
to the westward, whereby in a single mile the length is 
increased to the extent of thirty chains. This bend was pro- 
bably made to avoid the grounds of Merton-abbey, and probably 
because the straight line would pass across a swampy, imper- 
fectly-drained tract of ground, bordering the Wandle, from 
Mitcham to Terrier's-bridge. This land is now, however, in a 
widely different condition, being in a state of high cultivation ; 
and, upon the whole, there does not appear to exist any 
obstacle to straightening the road at tlais T^ait, ^o ^ \.o ^^^^t 
s saving of thirty chains^ or tliree'eigttYia oi aiiaA\ft,S3i^\«X.^TiRfc. 
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From the village of Mitcham, the road is nearly straight to 
Ewell, at a little more than thirteen miles from London. In 
this part, the road passes over a clay and gravelly district 
lying on the chalk, which is easily reached, between Ewell and 
Mitcham, by boring a few feet, or yards, in depth. From 
Ewell to Epsom the road is just on the verge of the chalk 
country, and half a mile beyond Epsom it passes over the 
common of that name, which, being rather high ground, con- 
sists, for a considerable depth, of clay. Then it passes on to Ash- 
tead, between which and Leatherhead it again intersects the 
chalk. At Leatherhead the road turns nearly at right angles, 
and pursues a southerly direction along the valley of the Mole. 

This river, the principal streams of which rise on the north 
sides of Tilgate and St. LeonardVforest, after intersecting the 
wealden country in a very circuitous direction, and receiving 
innumerable small tributaries, which flow into it &om every 
point of the compass, penetrates the green-sand range in an 
oblique, north-westerly direction, near Betchworth, and flowing 
round the grounds of Betchworth-castle and under Box-hill, 
assumes a northerly direction, and completely passes through 
the chalk by Burford-bridge, and winding round Norbury- 
park, passes on to Leatherhead, and so on, by Stoke d'Abemon, 
Cobham, and Esher, into the Thames at East Moulsey. 

The vale of Mickleham is probably, with the exception of 
the gap at Guildford, the most favourable of all the passes 
through the range of the North Downs chalk hills. Of course 
those passes through which rivers flow are superior to those 
mere depressions in which no river or stream has its course. 
Premising this, the only passes east of Dorking are those of 
the Darent, which goes through the chalk north of Sevenoaks, 
and the Medway, which goes through Maidstone northward, 
to Eochester and Chatham. 

Now both these latter are much inferior to the Dorking pass^ 
because opposite to each is a very high part of the green-sand 
range, which opposes the cartymg oi ^tq^^ o^^sJ^^'^^^'^^ssss^k^ 
tbem, except in a very circuitous dix^^\Ivye^» ^^N^ax^^^^'^i^sisss^'s 

^oad-mahing, C 
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which flows northward from Sevenoaks, nowhere penetrates the 
green-^andi the whole of which range at the south of Seven* 
oaks, and for miles on each side, is very high, and presents 
formidable difficulties. The Medway again penetrates the 
green-sand about five miles west of Maidstone, which makes 
this passage out of the question for roads going to the south 
or south-east, which^ accordingly, cross the green-sand where 
there is no gap at all. From these considerations it follows 
that the Dorking gap is the most favourable of all those lying 
to the east of it^ while on the west side there is only the Guild- 
ford, which is under nearly similar circumstances. 

Between Leatherhead and Dorking the road does not follow 
the windings of the river, but adopts a tolerably straight 
course, yet has no inclinations of such steepness as to render 
any deviation desirable. In passing through the town of 
Dorking, the road is deflected about half a mile further to the 
west, and then proceeds to Holmwood-common, where it passes 
over the green-sand range at a spot where it is much depressed, 
and proceeds on, as before described, through Capel and Wam- 
ham, to Horsham. 

EOADS TO GUILDFORD. 

One road from London to Quildford follows the same 
course as the last described, as far as Leatherhead, and in fact 
continues that road in a straight line through the town, where 
it crosses the river Mole, and proceeds by Great Bookham, 
Effingham, West Horsley, East and West Clandon, and Merrow, 
to Guildford. The other road passes out of London, through 
Battersea and Wandsworth, goes over Putney-heath, skirts the 
south-east side of Bichmond-park, parses over Kingston-hill, 
and so down into Eongston. After passing through the town 
for three-quarters of a mile, nearly in a westerly direction, it 
proceeds close alongside the river Thames for nearly two miles, 
then goes over Ditton-marsh, and through the village of Esher. 
It then skirtB the west side of ClaTemoiiiV^atY, ^oea oil t» 
^Aluuai'Street, paasea over CobliamL-ooinmou ^tai^^Ss^l-^Tn* 
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mon, and* goes on by Ripley, Threefords, and Gasding-hill, to 
the east side of Stoke-place park, and on to Guildford, which 
it enters at the same spot as the road from Leatherhead. The 
distance &om London to Guildford by the first of these roads, 
namely, that through Epsom and Leatherhead, is thirty-two 
miles, and by the other, or the Eingston-road, the distance is 
twenty-nine miles. 

The Leatherhead-road, in its passage from Leatherhead to 
Guildford, passes over the chalk country in a more oblique 
direction than any of those we have before considered. Both 
these towns may be t^ken to be situate on the chalk, Guild- 
ford being about ten-and-a-half nules west of Leatherhead, and 
four miles south of it; and the road we are now examining 
connects the two places by forming the hypothenuse of a 
right-angled triangle, whose base and perpendicular are 
respectively ten-and-a-half and four miles. It lies nearly at the 
head of the water-bearing valleys which open from the chalk 
of this district, and range in a northerly direction, and as it 
approaches Guildford almost defines the head or summit of the 
highest combes. 

It is scarcely necessary to observe that the Thames is the 
general drain of all this district, and receives into its ample 
stream all the water rising from this as from every other part 
of the North Downs; but the secondary rivers, which more 
immediately drain the section of chalk country between Leather- 
head and Guildford, are the Wey and the Mole ; and one or 
other of these rivers receives all the small tributaries which 
fiow down the comJbea of the chalk. 

It is obvious that a road in the situation of the one here 
described, alternately intersecting the hollows in the chalk 
surface and the ridges which separate those hollows, in order 
to be the most perfect in its levels, should assume a wavy or 
bending direction, approaching the summit of the chalk range 
in crossing the hollows, and receding from it in crossing the 
lidges. This is, . in fiw5t, a aimilsn caa^ \.q ^^\» ^i "5>»t«^'^^^^^^'^ 
up the actml valley of a ri^er, ^Jifli ^i^««i% ^^eoia^^ 
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tributary streams and the ridges which separate them. This 
mode of laying out has obviously not been followed in all cases 
in the road before us, but it is unnecessary to point out that 
it always ought to be followed where circumstances of another 
nature do not imperatively require an opposite course. 

The second, or more direct road to Guildford, passes at first 
over a flat country, through Lambeth, Battersea, and Wands- 
worth, seven miles from London, being nearly on the extreme 
western verge of the district already described as drained 
by the Ravensboume and the Wandle. At Wandsworth the 
road begins to rise, passing over the north-west comer of Wim- 
bledon-park, and attaining its summit on Putney-heath. It 
then descends to cross a small stream which rises on the chalk 
at Cheam, flowing by Pylford-bridge and Combe-bridge, form- 
ing successively, but on alternate sides, the boundary of 
Wimbledon-common and Richmond-park, and continuing by 
Peace-bridge at East Sheen, and falling into the Thames on 
the east side of Barnes. 

Beyond this stream, which is crossed at Bayeley-bridge, the 
road goes along the south-east side of Richmond-park, passes 
over some high ground called Eingston-hill, and enters the 
town of Kingston at the east end. After passing through the 
town in a westerly direction, for rather more than half a mile, 
it diverges from it at the west end, and proceeds for a mile 
alongside the river Thames as far as Thames Ditton, where the 
Thames bends to the north-east, while the road pursues the 
same south-westerly direction as before. From Thames Ditton 
to Cobham the road may be described as lying in the valley 
of the river Mole, being nowhere more than a mile distant 
from that stream, and often approaching more nearly to it. 
The sur&ce of this district is thrown into irregular shapes by 
numerous elevations, sometimes appearing as continuous 
ridges, and at other times mere conical hills— consisting of 
fresh-water sands deposited on the London clay, and ranked 
bjr geologists of contemporaneous agemt\i l\i^ cx\,«vi"&\:^^ ^ajoAa 
of Bagshot and Frimlej heatlia. TlaesQ ii\\xaftT0\x3i ^^\.^^^ 
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eleyations of sand have probably been continuous oyer this 
part, of the country^ but the formation has perhaps been 
washed away, so as to present at the present day only the form 
of numerous isolated hills, ridges, and elevated plains. This 
road, where it borders the Mole, passes over several of these 
patches of sand, as at Esher, Olaremont-park, Esher-common, 
Old Common, near Cobham, &c. The road is tolerably straight 
between Thames Ditton and Cobham, but might probably be 
improved by sweeping through the valley of the Mole in a 
more central direction, instead of keeping so £%r on the east 
side of it, and this without any sacrifice of distance. 

Between Cobham and Ripley the road passes over the sandy 
district of Cobham-commoD, Red-hill, and Wesley-common, 
which divides the river Mole from a branch of the Wey that 
flows into it at Ockham-mill, and in &ct forms also the water- 
shed between the two main streams. Immediately south of 
Cobham there is a remarkable deviation made in the straight 
direction of the road, by which, in a length of two miles, an 
increase of distance is made of nearly half a mile. Thus, 
instead of passing from Cobham-street by the side of the 
Mole, and crossing it at a point due west of Cobham-court, 
and shortly after entering Ockham-common a little north of 
Catley-farm, and then ranging in a straight line for Body- 
stone-hill, the road suddenly turns to the north-west at Cob- 
ham-street, immediately crosses the Mole, and passing round 
Pains-hill park goes over Common and Red-hill, where it 
again bends into a more southerly direction, and joins the 
straight line just described a little north of Bodystone-hill. 

This serious injury to the road appears to have been in- 
flicted to suit the convenience of the owners of several parks 
and superior mansions situate around the borders of the 
commons and in the valley of the Mole. Beyond Ripley the 
road encounters no more of the sand ridges before spoken of, 
and passes gradually off the clay on to a country where the 
ch&lk 13 near the surface. Ytom "Kv^^ ^ ^\S>i^^s^ '^^^'S^ 
road qccupies the valley of t'ii^ ^e^,\a \»^«t5^^ ^sst'^^v'^ 
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its course, and no improyement of any consequence suggests 
itself. 

The two main roads from the metropolis which haye been 
described as meeting at Guildford, there separate and diyeige 
in yarious directions. First, there is the Famham-road, which 
passes in a singular manner along the yerj highest ridge of the 
chalk, along the actual axis of the Hogsback, haying of course 
a serious ascent to encounter in emerging from the leyel of the 
Wej at Guildford, and an equally serious descent from the 
chalk, about two miles east of Famham. This road then goes 
on by Alton to Winchester and Southampton, while another 
branch of it, diyerging at Alton, passes by West Meon and 
Drozford, down to Fareham and Gosport. Secondly, the 
Gh>dalming-road passes nearly south, and there diyergee into 
three branches, one of which passes by Bramshot and Peters- 
field, down to Portsmouth ; another goes through Haslemere 
and Midhurst to Ohichester and Selsea Bill, while the third goes 
to Petworth, and there sends off one branch to Ohichester and 
another to Arundel. The third road out of Guildford is the 
Wonersh-road, which passes on through Aldfeld and Pulbo- 
rough to Arundel, Littlehampton, and Worthing. 

THE STAIl^riiS, OB GBSAT WESTERN BOAD. 

Of all the roads which pass out of London the Staines-road 
is the most leyel, and with one exception the straightest. 
In the days of coaching, befbre the introduction of railways, 
this road was remarkable for the yast amount of traffic which 
passed, and this notwithstanding it only formed one of the 
routes to Beading, Bristol, and the West of England ; most of 
the coaches at that time going to Beading by Oolnbrook and 
Maidenhead, which although a longer road possesses a much 
larger population than that which adjoins the Staines-road. 
The traffic, howeyer, is still yery great on the first eight miles 
out of London, namely, as far as Brentford; the whole of this 
space being at all times covered byinllumeT*^A.e'^\f^^•^^\<^'e», 
mixed up with bea,yy traffic of almost evwcy ^^actv^tVyii. 
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This Staines-road ocoupies an entirely different district 
from those we haye latterly been considering on the south 
side of the metropolis. These have generally passed oyer 
a high clay district, which appears in far distant ages, long 
before our mundane chronology attempts to record events, 
to have withstood the rush of waters which have excavated 
the valley of the Thames* Opposed to these, on the north 
side of the Thames, we have the high ground of Hampstead, 
Highgate, and part of Homsey, where the fresh-water sands-^ 
a much more recent deposit than the clays of the south*— 
have not been denuded, but have either formed the banks of 
the estuary or islands which have never been submerged 
beneath its waters. Supposing these sands on the north side 
to have bounded the estuary, we find its breadth, from Bat- 
tersea to the foot of H^mpstead-hill, to have be^ about five 
miles ; from Upper HoUoway to the rise of Brixton-hill, about 
six miles ; from the rise of Epping-foresfc to Greenwich, about 
four miles and a half, and so on, the breadth varying for some 
distance from four to six miles. Although the channel is 
thus contracted eastward of London, there seems on the west 
side to have been a great expansion ; for, while on the south 
the boundary appears to have been the high lands which 
nearly follow the circuitous course of the river from Windsor 
by Staines, Ohertsey, and Kingston, the northern boundary 
seems to have swelled out wider and wider by Uxbridge, 
Euislip, Pinner, by Stanmore, Highwood-hill and Southgate, 
and then to have trended southward by the side of that high 
tract which bounds the Lea on the east side. According to 
this view, Harrow-on-the-Hill and the sand-hills of Hampstead 
and Highgate would have been islands in this great lagoon, 
whose waters would sweep round and enclose them; but 
whether those solitary hills now standing, and composed of 
clay, were submerged or not, is difficult to say. With respect 
to the sand-hills, it is clear they have never been submer^^d.^ 

The road we have now to %^ft^ c!1>^a% ^^i^^ca^^^Sissss^'s^Ksa. 
ancient lagoon, the breadt\x o5^\is^>feQ\s^'Qsst?^\»^^'^^ 
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Irom Pinner to Chertsey, w^ not less than fifteen miles ; and 
it lies 80 clear of all high lands and supposed ancient islands, 
that it is almost a perfect level the whole way from London 
to Staines. This road passes out of London by Piccadilly and 
Hyde-park comer, and proceeding along the south side of 
Hyde-park and Kensington- gardens, passes through Kensing- 
ton, Hammersmith, and Tumham-green to Brentford, and 
throughout all this distance of eight miles, is lined by an 
almost uninterrupted succession of houses. From Brentford 
the road proceeds in a straight line through Hounslow and 
East Bedfont on to Staines, a distance of sixteen and a half 
miles from Hyde-park comer. Throughout this distance, 
with the exception of some slight bends at Kensington, Ham- 
mersmith, and Brentford, the road is practically a straight line. 
It has already been stated that this part of the road lies 
entirely in the London clay, and is nearly a dead level 
throughout ; we have now, therefore, to examine its extensions 
beyond Staines, In the first place, there are two roads from 
Staines to Beading, which we shall distinguish by the terms 
" Upper " and " Lower '* road ; these two unite into one a 
little beyond Wokingham, and form the original old great 
western road through Newbury, Hungerford, and Marlborough 
to Bath and Bristol. Second, there is the Bagshot-road, 
which divides at Golden-farmer hill, a little beyond Bagshot, 
into two branches, one of which goes down to Famham, where 
it unites with one of the roads already described as leading 
from Guildford through Famham, Alton, and West Meon, 
down to Gosport ; while the other diverges in a more westerly 
direction to Basingstoke, Winchester, and Southampton ; and 
at the former of these towns a still more westerly branch leads 
off to Salisbury, Exeter, and Plymouth, forming the great 
road into Devonshire and Cornwall. 

The upper road to Reading passes through the village of 
Egham, and immediately begins to rise up to the high ground 
forming Windsor'park, which is one oi t\ioBft ^-s^teiiwi^ ^\i\ 
elevated ridges of sand which we \iaxe seen i^xe^w)^^ ^^ 
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extensively in the neighbourhood of the roads to Guildford* 
This road continues to rise for more than two miles, before it 
attains the general level of Windsor Great Park, at this spot, 
which is a little but not much lower than the very highest 
part. It bends considerably towards the north in going 
through the Park, and intersects the sources of several small 
streams which flow in a northerly direction into the Thames. 
Its course through the Park may be defined by the following 
points : — ^Bishop's-gate, Park-place, Snow-hill, where the long 
walk terminates. Watch-oak, near which it crosses the Queen's- 
walk, and Holly-grove. It then skirts the north-west side of 
Cranboum-wood, and, at seven miles distance from Staines, 
turns at right angles into a westerly direction, and passes over 
Lovel-hill by the north side of Ascot-place park, then on to 
Winkfield and Maiden-green, where it suddenly turns again 
at right angles into a nearly southerly direction, and passes on 
to Haley-green and Newell-green, turning gradually into the 
proper or westerly direction, passing over Cabbage-hiU, south 
of Binfield-p^k, on to Tippen's-hill. Then it goes south of 
Ashridge-wood, and shortly after bends into a south-westerly 
direction by Toutley-hall on to Toutley-common, where it joins 
the lower road to Beading, at the distance of seven miles from 
that place. 

The lower road to Heading, although much more level than 
the upper, is precisely the same length, the distance from 
London toUeading by each road being about forty- and-a-quarter 
miles. After leaving the village of Egham, the lower road ascends 
Egham-hill, and proceeds by Wick-lodge and the Wheatsheaf, 
down to Cascade-bridge, where it touches the comer of Vir- 
ginia-water, and crosses a small stream which rises from the 
sandy strata of Bagshot-heath, Sunning-hill, Ascot and Windsor- 
forest, and flows into the Thames below Chertsey. Just 
beyond Cascade-bridge the Beading-road separates from the 
Bagshot-road at twenty-one miles from Londcwa.^ t\sft. I'cswsssst 
taking a westerly direction, and. ttv^\^\X«t ^ovs^xsss^ ^^siasS^i ^s^ 
the 8ontb-weat. From tlie tvreivVj-&t^\. \sx^<^^ ^^ ^'^ ^^ 
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along the sontli side of Windsor-park through Blacknest and 
on to Sunning-hill. It then proceeds in a straight line for 
nearly three miles, passing by Sunning-hill wells, the south 
side of Ascot race-course, Englemoor-pond, and Martins, soon 
after which it curres to the north at the crossing of Bull- 
brook, when it appears, &om the shape of this part of the 
country, it should curve to the south to cross the brook higher 
up, and proceeds through the Tillage of Bracknal across 
Priest wood-common, and on to a place called Qt)lden Acorn. 
Here the road makes a sudden bend to the southwest, and 
goes on to Frognall-green, when it bends into a direction 
north of west, and soon after enters Wokingham. In the 
town of Wokingham the road makes two bends in opposite 
directions, then proceeds in a tolerably straight course to 
Beading. 

. It appears that the levels of this road might be materially 
improved between Wokingham and the twenty-seventh mile, 
a distance of four miles, the twentynseventh mile being at the 
western extremity of that straight part which has been already 
described as commencing at Sunning-hill. This improvement 
would also effect a saving of distance equal to half a mile in 
a length of four miles. This road, as far as Bracknal, passes 
over that sandy district lying between Windsor-forest and 
Bagshot-heath. Beyond this sandy district the London clay 
Scarcely appears, but the plastic clay is extensively developed 
between Wokingham and Beading. 

The Bagshot-road for four-and-a-half miles beyond Staines, 
namely to the twenty-first mile, is identical with the road last 
described. It then proceeds by Shrubs-hill and Broomhill-hut, 
over Bagshot-heath by Bagshot-park into the town of Bagshot. 
It then goes on by Golden-former hill, between Turf-hill and 
Crawley-hill on to Osnaburgh-hill, near the Military College 
at Sandhurst, about a mile beyond which, vi«. at thirty-and- 
a-half milea Sn)m London, it croaaea the Blackwater river, 
which joins the Loddon a little aoxitti oi ^^w^0N<r-^<^\, ^lA 
^owB into the Thames at Wargravt, a AiV.^^ t^^'^ T5l«i^^^, 



THB STAINEB, OB OEBAT WESTEBH BOAD. SB 

Beyond the Blackwater, the road proceeds over a farther suc- 
cession of dreary wastes and commons, the principal of which 
are Yateley-heath and Hartford-bridge flats, and passes on 
through Winchfleld and Old Basing to Basingstoke. This 
road, for a distance of fifteen miles/ namely, firom twenty-one 
to thirty-six miles from London, passes almost entirely over 
dry sandy heaths, in which little has eyen yet been done to 
induce cultivation. A great part of this district is perfectly 
flat, the construction of the road has evidently cost very little, 
and it is difficult to see where any improvement could be 
made between Staines and Basingstoke. 

The Eamham branch, which separates from the Bagsholr 
road at Qolden-farmer hill, remains to be noticed. This road 
proceeds in nearly a straight course to Frimley, where it crosses 
the Blackwater about two miles higher than the Basingstoke- 
road last described ; it then proceeds by Windmill-hill to the 
west side of Parnborough-place park, near which the South- 
western railway crosses it, the Famborough station being 
fixed at the crossing of this road. Then the road goes on over 
Aldershot-heath by Bagman's-castle, crossing the Basingstoke 
canal at Bow-barge, and proceeding by a place called West- 
end, touches the eastern extremity of Hungary-hill, and 
descends by a rather circuitous course to the town of Famham, 
where, as already explained, it joins the road from Guildford 
to Gosport. This road, like the preceding, passes chiefly over 
a considerable tract of sandy heath, very uninteresting and 
unvaried in its appearance. Here and there large tracts in 
the neighbourhood of the road have been planted with fir trees, 
which will in time ameliorate the hard knotty soil, containing 
much undeoomposed fibrous vegetable matter, which forms 
the surface of these heaths, while an abundant application of 
lime^ by decomposing and rotting this vegetable matter, will 
probably in the course of a few years cause it to bear crops 
and to be worth cultivation. Its <30\ir«ft V^^vm^ ^f:Jc*soi;5c^ 
straight, no improvement suggfe«\,% \\«^ V> ^ ^^ ^ttsAs^^s^ 
which the road has been laii oul, 
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THE MAIDENHEAD ROAD. 



This is another of the roads leading from the metropolis to 
Bath, Bristol, and the West of England; and as it joins the 
Staines-road at Beading, the extensions beyond that place will 
apply equally to the road through Maidenhead ; it is remark- 
able also that the length by each road to Beading is about the 
same. This road leaves the Staines-road at Hounslow, ten 
miles from London, and proceeds in a straight direction to 
Cranford-bridge, where it crosses the Yedding-brook, a cir- 
cuitous stream which works several flax-mills, powder-mills, 
and oil-mills, and flows into the Thames at Isleworth. The 
road bends into a more westerly direction at Cranford-bridge, 
and proceeds by Harlington-comer and the Magpies to Long- 
ford, where it crosses, in space of less than half a mile, three 
streams into which the river Coin is here divided, and proceeds 
on to Colnbrook, where, at seventeen miles from London, it 
crosses the main stream of the Coin. From Colnbrook the 
road proceeds in nearly a straight line to Slough, passes over 
Salt-hill, the scene of Eton Montem, and on to Two-mile 
brook, where it crosses a very small stream which flows into 
the Thames at Boveney. From this point the road runs 
nearly straight to Maidenhead, twenty-six miles from London, 
after passing under the Great Western railway at the twenty- 
fifth mile, and a little further on passing over the river 
Thames. With the exception of the slight rise at Salt-hill, 
immediately beyond Slough, the whole length of this road 
from London to Maidenhead may be considered a practical 
level ; it lies for the whole distance in the valley of the river 
Thames, in a flat, open, and probably diluvial district of 
country, almost entirely devoid of irregularity. This road is 
superior to the Staines Great Western road, inasmuch as on 
that road the low flat country ceases at Egham, eighteen miles 
from lion^on, whereas the low flat country continues on the 
other road to Ifaideniead itself, twenty-six mW^a iiomliOTv^oTi. 
beyond Maidenb^a^ ^be road forms a, sort oi '\io^,\»Ti^vci%^^ 
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the north between that place and Twyford, thirty-four miles 
from London, which has the effect of throwing it into irregular 
ground at Vines-hill, Stubbing's-heath, Knowl-hill, and other 
places where the road skirts an elevated chalk country, which 
lies between itself and the river Thames, which here makes 
a great detour to the north. The Great Western railway 
between Maidenhead and Twyford is a straight line, and the 
levels of the road would also be improved by adopting the 
same course. At Twyford the road is on a comparatively low 
level, as it here crosses the river Loddon, at less than two miles 
from Wargrave, where it joins the Thames. The road con- 
tinues through a flat district of country from Twyford to 
Eeading. In addition to the traffic passing through Maiden- 
head to Bath and Bristol, this place formed also a point on 
the main road through Lechlade and Cirencester to Gloucester 
and Cheltenham and the greater part of South Wales. Some 
of the coaches also to Oxford, and even Birmingham, passed 
this way, allured into the more circuitous road by the hope of 
passengers who did not possess the advantage of being located 
on the great Holyhead-road. 

THE OXFORD EOAD THROUGH UXBRIDGE. 

This road leaves London on the north side of Hyde-park 
and Kensington, keeping parallel to the Staines-road as far as 
Shepherd's-bush, nearly three miles from London. It there 
diverges into a northerly direction, and passes on by Acton 
and Ealing-common, to the north side of the village of Ealing, 
where the Great Western railway almost touches it. The 
road then runs parallel to the railway as far as Hanwell, and 
passes under it a little farther on, namely, at eight-and-a-half 
miles from London. It then passes on through Southall over 
the Paddington canal at ten-and-a-half miles,' by the Adam 
and Eve and Hayes-end to Hillingdon. Here it makes a 
considerable curve to the south-west, to avoid th^ ^^^la^ <5^ 
iJiZZiDgdon-house, and soon afeet evi\«t^^^^^^'^'»* 
from London. Beyond \5ibx\4g& \\» cx^^a^^'^'^^^w^^' 
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canal and the river Coin, and continues in a straight course 
bj Ivj-house to the west side of the village of Denham, where 
it bends into a more westerly direction, and proceeds by Pin- 
nington and Woodhill-&rm to Qerard*s-cross common, a high 
and open part of the country. Leaving Gkrard's-cross, the 
road proceeds in a tolerably straight course to Beaconsfield, 
passing on the north side of Btdstrode-park, and south of 
Wilton-park, through a high district of country. Beaconsfield 
is twenty-three miles from London, and the road proceeds from 
this place in a westerly direction to Holtspur-heath, imme- 
diately beyond which it descends rapidly into the valley of the 
Loudwater, a stream of short extent, but of great commercial 
importance, from the great number of valuable mills it works. 
This stream rises from the chalk beyond West Wycombe, flows 
down a deep valley in a south-easterly direction, sweeps round 
Wobum-hill, and falls into the Thames half a mile above 
Cookham. The road proceeds up the valley of this stream, 
keeping on the east side of it, and passing through the village 
of Loudwater, by Wycombe-marsh and Basonbury to High 
Wycombe. It then continues, still on the east side of the 
Loudwater stream, for two miles in a straight line to West 
Wycombe, passing north of West Wycombe-house, a little 
beyond which it leaves the valley and bends to the south-west. 
It then passes by Mice-farm and St. Andrew's, and bending 
again, assumes its former north-westerly direction, and goes 
on by Ham-farm, the Hut and Beacon's-bottom, to Stockenham- 
common, whence it proceeds through Tetsworth, Bycote, and 
Wheadey, to Oxford. This road, as far as seventeen miles 
from London, or about two miles beyond Uxbridge, passes 
through a flat district of clay, containing some few ridges and 
irregularities, but not materially varying in its character from 
that adjacent to the Staines and Colnbrook roads. There is 
a slight rise at Kensington and Notting-hill, another at Acton, 
and also ai HiUiDgdon, near Uxbridge. 'Wit^i t\i«Bfc «xQi&^tvotL«, 
^Ais £nt part of the road is tolerably level tiVL \V. to» oh X^ 
^^4uU, immediately beyond Denkam. IStom t\na ^^w» x^ 
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some distance beyond West Wyoombe, say firom seventeen 
miles to about thirty-fiye^ the road may be considered to pass 
over a chalk district, because although the ridges between the 
valleys frequently consist of clay or gravel, and sometimes of 
sand, these are mere patches resting on the chalk, and have 
generally been denuded from the valleys in which the chalk 
is exposed. Thus gravel, clay, and sand are all met with in 
the furrowed, broken, and irr^ular country between Uzbridge 
and the valley of the Loudwater. In this part <^ the country 
it is very common to find the operations (^ brick or tile-making 
and Hme-buming carried on in the same plot of ground ; the 
clay being dug from immediately bdow the surfooe, while the 
chalk for burning into lime is procured from a shaft sunk 
through the clay, varying from a few feet to sixty or seventy 
feet in depth. The chalk is exposed on each side of the Loud« 
water valley, as &r as West Wycombe. The main continuation 
of this road beyond Oxford goes on through Witney, Burford 
and Northleach to Cheltenham, Gloucester, and Tewkesbury ; 
while roads branch off from one or other of those towns to 
most parts of Herefordshire, Monmouthshire, and the southern 
counties of Wales. Another important road from Oxford 
passes through Woodstock, Enstone, Shipston, and Stratford-on- 
Avon, and thence through Henley-in-Arden to Birmingham. 

BOABS TO AMERSHAM AND ATLBSBUBT. 

Ths most direct road to Amersham branches out of the 
Oxford-road last described, about a mile beyond Denham, or 
eighteen miles from London, and proceeds up the valley of the 
Misboum stream, which rises from the chalk about a mile 
beyond Great Missenden, and flows into the Coin a little above 
Uxbridge. On leaving the Oxford-road, the Amersham-road 
rapidly descends into the Misboum valley, and passing by 
Oak- end, and on the west side of Ohalfont-park, goes on to Chal- 
font St. Peter, where it ciosa^a tlaa %U^as£i,^'^i\si'^^'^^^st\F:^'^fcfc 
east side of it Thence it contmu^ \il <^TW^^^7^'«^^*sfcHa 
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and Stoneage-pheasant, opposite to Chalfont St. Giles, which 
is on the west side of the stream. The road then proceeds 
still on the east side of the valley, by New-house, the Hut, 
Har wood-downs, &c., on to Amersham ; just before coming to 
which it again crosses the stream. This road, with the excep- 
tion of the abrupt descent on leaving the Oxford-road^ appears 
to be judiciously laid out in its progress up the valley ; and 
even this descent it would be difficult to avoid without making 
an additional mile of road, and so joining the Oxford-road at 
the foot of Red-hill, which is little above the level of the stream 
opposite Denham. 

The other road to Amersham is a mile longer than the one 
just described, and passes over a much more irregular country. 
It leaves London by the well known Harrow-road, which may 
be viewed as a continuation of the City-road and New-road, 
and passing through Faddington in rather a crooked direction, 
crosses the Paddington canal near Westboume-green, and 
proceeds on the north-east side of the canal by Eensal-green, 
bounding there the cemetery of that name, and crossing, at the 
corner of the cemetery, the London and North-Western 
railway, which here passes under an archway, and where the 
road is carried over, at the same time that it extends under 
a comer of the cemetery which it was necessary to preserve 
intact. The road then passes on over Honeypot-hill, by 
Holsden-green, near Greenhill-house, opposite which it begins 
to descend Honeypot-hill, which it never ought to have 
ascended, and could very easily have been avoided. At five 
miles from London commences the descent, by the road sud- 
denly bending at right angles to the south, from which point 
it twists round again into its proper direction, till on crossing 
the Brent near the sixth mile, it again attains the north- 
westerly course. Before reaching the seventh mile, however, 
that is, when just opposite Wembly-park, it again totally 
alters its direction, proceeding to the eighth mile in a course 
rather south ofwest^ there again changes, poVutim^iio^Tiei^TV^ 
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to the north ; and after several other bends, curves, and irre- 
gular untneaning gyrations, mounts right up into the High- 
street of Harrow-on-the-hill. Having attained this elevation, 
which is a mere isolated ridge, about three miles in length, 
by an average breadth of a mile and a half, and which sends 
off streams from innumerable points all round its circum- 
ference, the road proceeds along it in the longest direction, 
and having completely passed through the village of Harrow, 
descends at the nortli end of it. The road then proceeds 
through the same infinite variety of twists and bends to 
Hooking-green and Pinner, which is probably one of the most 
crooked and irregular villages in England. Beyond Pinner, 
the road proceeds over Pinner-green, in a north-westerly 
direction, to Batchworth-heath, a little more than sixteen 
miles from London. It then passes for a mile and a half on 
the south-west side of Moor-park, and crossing the river Coin 
and Grand Junction canal, arrives at Eickmansworth. Thence 
it passes on the west side of Bickmansworth-park, which 
separates it firom the valley of the Ohess, and then on to the 
north side of Chorley-wood common. It then passes on to 
Green-street, where it bends into a westerly direction, is 
parallel to the Chess, and within half a mile of it, for a distance 
of a mile and a half, when it twists in several directions, and 
goes on to Loudhams, within two miles and a half of Amersham. 
At Loudhams the road assumes nearly a westerly direction, 
passing on the north side of Beel-house. Then, within one 
mile of Amersham, it bends at right angles into a southern 
direction, and joins the TJxbridge-road to Amersham about 
half a mile before entering the town. The two roads being 
here united into one, it continues through the town of Amer- 
sham, and proceeds still in the Misboum valley, passing by 
Little Missenden and Great Missenden, and then on to Wind- 
over, through an open gap in the chalk, and so, with no great 
variation, to Aylesbury. 
This road, between London aivi Kxa^t^^m^^^^'^i^ ^^^3^» 
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the same length, or perhaps a little longer than the road by 
Uxbridge, ought to be much shorter, its general 'direction 
being much straighter, Harrow and Pinner being actually in 
the straight line between London and Amersham and Bick- 
mansworth, not more than two miles north of the straight 
line. On the other hand, the road by Hanwell, Uxbridge, and 
Ohalfont St. Peter is a complete bow or arc ; the first of these 
places being four miles, Uxbridge being five miles, and Ohal- 
font St. Peter being two miles out of a straight line drawn 
from Amersham to Oumberland-gate, Hyde-park. The reason, 
then, of the road being much the stndghtest ih general direc- 
tion, is to be sought for in the innumerable short bends and 
twists which have been noticed in describing its general course. 
First, there are the various bends which it makes in going 
over Honeypot-hill, and the bend at Wembly-park. These 
might all be avoided, with all the irregularity of ground which 
the bending, after all, does not appear designed to meet ; and, 
at the same time, half a mile of distance may be saved in four 
miles of road, by bending it at the comer of Eensal-green 
cemetery, so as not to cross the railway at all, and carrying it 
between the railway and the Paddington canal, as fkr as 
Apperton, thence sweeping round by a great curve into the 
present road at the Swan. With respect to the passage over 
Harrow-hill, this of course is not to be avoided, except at th^ 
expense of sacrificing the convenience of the town, which is 
probably not to be overlooked. It certainly does seem, how- 
ever, that a more direct course might be taken on leaving 
Harrow ; that between that point and Pinner the road might 
be shortened; and, particularly at Pinner, that it might be very 
much improved. Prom Harrow to Pinner, and indeed nearly 
as far as Hickmansworth, the road passes over a high country, 
which although geographically considered as part of the valley 
of the Thames, yet has lost its valley character, and become 
the summit from which flow the feedew of the Yedding-brook 
^nd th^ river Coin, The road migh.t \>e %oiQfi^\«A» ^Qit\«!x^\ 
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by remoyiiig objectionable bendfl between Pinner and Bick- 
manswortb^ but perhaps not materially improved in its levels. 
From Bickmansworth the road passes on for nearly seven 
miles in a tolerably easy country, which may be termed the 
valley of the Ohess, a stream which rises a little beyond 
Ohesham) and flows through the chalk by Flaunden and 
Ohenies to Bickmansworth, where it joins the river Coin. 
A part of the road between Bickmansworth and Amersham 
may be greatly improved, and at the same time shortecied, by 
avoiding that great bend which has been before described, at 
one mile from Amersham. The road should turn off at Loud- 
hams, two*and-a-half miles from Amersham, and curve gra- 
dually round into a westerly direction, until it joins the 
Uxbridge-road at the same point as at present. Thus it would 
have a much more gradual fall into the valley of the Misboum 
than the existing road, and would be fuUy half a mile shorter 
in a distance of little more than two miles* The extensions 
of this road beyond Aylesbury go on in one direction, through 
Bicester, Enstone, Ohipping Norton, Moreton-in-the-Marsh, 
Broadway, and Evesham, to Worcester, and thence to Leomin- 
ster, Tenbury and Bewdley, also to Aberystwith and the 
central counties of Wales. Another road from Aylesbury 
leads on through Buckingham and Banbury to Stratford, 
Warwick, Coventry, and Birmingham. 

THE ST. ALBAFS ROAD. 

The road to St Alban's through Edgeware possesses some 
interest, because it is the shortest route to St. Alban's and a 
host of places beyond, and because there is abundant evidence 
of its having been the work of the Bomans, whose skill and 
sagacity it very strikingly exhibits. It leaves London at 
Cumberland-gate, and proceeds through Paddington, in one 
undeviating straight line, as far as Brockley-hiU, a distance 
of more than ten miles from Oumberland-^ate* It t^qasa^ ^h^sss. 
what IB now called Maida-biU) ^ a\oYfl^s, Xjt^^V* ^^ ^^^aiSOcsv»%, 
west of the BegentVpark, aadTjio^^eAaXil'S^^^^ia:^-'^^^ *" 
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to Kilbum-»wells, where it crosses over the London and North- 
Western railway. It then proceeds through Kilburn-vale, one 
of those hollows leading up to the side of Hampstead-hill, and 
passes on by Shoot-up hill to the Slade and Lower Oxgate fiEurm. 
Shoot-up hill is separated by a depression from the elevated 
slope of Eampstead-hill, and through this depression the road 
passes. The Slade and Lower Oxgate farm mark two sources 
of the river Brent, indicating the road to be still on compara- 
tively high ground. The road then goes on to cross other 
feeders of the Brent, having their sources higher up in the 
country towards Pryern Barnet and Whetstone, passes near 
a few houses called the Hyde, then adopts the valley of one of 
the principal feeders of the Brent, which rises beyond Edge- 
ware, in fact from the side of Brockley-hill. The road passes 
through the long street of Edgeware and Little Stanmore, and 
ascends to the summit of Brockley-hill, where was fixed the 
£unous station called Sullonicoe. The road then bends some- 
what out of its direction, and crosses over an intermediate 
depression to Elstree-hill, which is only a mile distant from 
Brockley-hill. At the end of the village of Elstree, the road 
takes another bend in the direction of St. Alban's, and proceeds 
in another perfectly straight line to St. Stephen's, one mile 
from the centre of the town. Beyond Elstree the road^passes 
by Medbum, and then proceeds nearly to St. Stephen's, in the 
valley of a branch of the Coin, which branch rises from several 
sources springing from the high ground of Elstree, Brockley- 
hill, and the neighbourhood. It passes on the west side of 
Kendall-hall, west of Aldenham-lodge, by Colney-street and 
Park-street, where it crosses the Coin itself, and then over two 
small rises in the ground to St. Stephen's. From this point 
the ancient road probably went on still in a straight line to 
Verulam, the Roman name for St. Alban's, but now more par«- 
ticularly applied to a part situate on the stream of the Coin, 
westward of the town. To the part now called Verulam the 
seraigbt road from EJstree to St. Stepheria ^itecW^ ^oSxLVa,\sv>X» 
iMe present ro^d bends at St. Stephetf s, «Q.^ ^^^^ ^'^^ 
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crossing the Ooln, rises rather abruptly into the centre of the 
town. 

The levels of this road are favourable, as it keeps a sufficient 
distance from the high ground on the western side of Hamp- 
stead, to avoid its irregularity. About two miles further on 
it begins to ascend, and continues gradually to the summit of 
the country at Brockley-hill. The road here bends to Elstree- 
hill, obviously for military purposes, and then gradually 
descends a valley leading into the Ooln, about a mile and a half 
south of St. Stephen's. A modern engineer would probably 
see no reason to alter this road anywhere except at the summit, 
which he would probably cross between Brockley-hill and 
Elstree, in a north-westerly direction, taking on each side the 
hollows of the two streams, which flow on opposite sides and in 
opposite directions. On the south side of this crossing he 
would carry the road in a straight line nearly in the valley of 
the stream, to join the present road somewhere about Edgeware, 
and on the north side would pass close to the reservoir, and 
fall into the present road half a mile north of Medbum. 

THE GREAT HOLYHEAD ROAD THROUGH BARNET. 

This was one of the most celebrated of all the roads out of 
London, as it carried nearly all the traffic between the metro- 
polis and Liverpool, Manchester and Birmingham, besides 
being the great highway to Ireland, by wav of Chester and 
Holyhead. It is still under the management and direction 
of a parliamentary board, termed the Commissioners of the 
London and Holy head-road ; with a competent staff of officers 
and assistants, including an engineer, who reports annually on 
the state of the whole road. . 

Like all other turnpike roads, it is, nevertheless, divided 
into trusts ; and the trustees of each district appoint their 
own surveyor, and exercise a local management of the repairs, 
&c. ; but when any improvements are to be made^ thfts^ ^^^ 
executed under the contioV oi IV^ ^^iCv8.\fiL'5i\>^^^ ^'5s^s^sK^sr 
sionera and their engineer. 
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This road, the most important probably in the kingdom for 
purposes of mail-coach travelling, may be said to commence 
at the General Post Office, in St. Martin's-le-Grand, whence it 
passes by Goswell-street to the Angel at Islington, and thence 
through Islington to Holloway. The road formerly ascended 
up Highgate-hill to the village of Highgate, and descended 
on the other side to Abbot's-farm ; but of late years a great 
improvement has been made by carrying the road on the east 
side of Highgate, and making a deep cutting through the 
hill. This has had the effect both of straightening the road 
and greatly improving its levels. After leaving Highgate, 
the road proceeds by Abbot's-farm and Brown Vwells, crossing 
near their source two small feeders of the Brent, and then 
begins to ascend an elevated ridge of country &om which tri- 
butaries of the Brent rise on one side, and those of the Lea on 
the other. The road continues about a mile on this ridge, and 
then passes through Whetstone. It then very gradually 
descends, passing by Greenhill-grove and the old Poor-house, 
a little beyond the tenth mile from London. The ascent &om 
the fairfield up to Chipping Barnet was formerly very steep, 
but of late years has been much improved by a veiy high 
embankment, which fills up the hollow, and reduces the incli- 
nation to about one in thirty. Passing through the street of 
Barnet for rather more than a quarter of a mile, the road bends 
suddenly to the left in the direction of St. Alban's, while the 
great north road ^oes straight through the town in the direc- 
tion of Hatfield. After leaving Barnet, the Holyhead-road 
proceeds on to the Green Dragon, passing between Perham- 
park on the west, and Wrotham-park, the seat of Mr. Byng, 
on the east side. It then goes on by Laurel-lodge to South 
Mims, where a new piece of road has been made to avoid a 
bend, and then proceeds in a straight line to Eidge-hill, 
where also the old course of the road has been diverted, and 
a deep cutting made through the hill. From Eidge-hill the 
road proceeds to London Colney, w\iete it cxoa^^ \)tva t^-^^t 
Chln^ and thence continues through a toVwwJcJV^ ^^^ coxaj&il ^ 
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the Mile-house, situate one mile from St. Alban's. From this 
place it ascends to and enters St. Alban's on the east side of the 
town. From St. Alban's a road proceeds in a northern direc- 
tion through Harpenden, Luton^ and Barton, to Bedford ; but 
this road was nerer much used bj coaches going northward 
from the metropolis, as they used the road which leaves the 
present one at Bamet, and which will be described next in 
order, Bj &r the most important road from St. Alban's is 
the great Holyhead-road, which passes on through Dunstable, 
Hockliffe, Fenny Stratford, Stoney Stratford,* Towcester, 
Weedon, Daventry, Dunchurch, and Coventry, to Birminghanu 
From Birmingham the great Holyheadcroad goes on by Wol- 
verhampton and Market Drayton to Chester, and thence by 
Conway and Bangor, across the Menai-bridge, and through 
the Isle of Anglesea, to Holyhead. 

A considerable section of the modem Holyhead-road, 
namely, from St. Alban's to Weedon !3eck, occupies the site 
of the ancient Roman Watling-street, which went on between 
Clifton and Crick to Wibtoft, near Lutterworth, where it in- 
tersected the great Fosseway, another Eoman road, leading 
from Cirencester to Lincoln and York. It then went on in a 
straight line to Atherstone, and thence by Ensor and Fazeley, 
by Drayton Manor, near Tamworth. Then it went on by 
Norton and Stretton to Weston and Wellington, and so to 
Shrewsbury. The first part of the Watling-street, from Lon- 
don to St. Alban's, has been already described ; and as the 
Holyhead-road first adopts the old £.oman road at St. Alban's, 
the question naturally arises, why was the first section of it 
from the metropolis to St. Alban's rejected in favour of the 
road by Barnet ? The levels of the Roman road are decidedly 
superior, the distance from the Post Office to St. Alban's about 
the same by each road, while from the west end of London 
the Roman is two miles shorter, being only nineteen miles, 
while the other is twenty-one miles. The principal objections 
to the jBarnet-road are tlxe a&ceiit oi ^iJs^a ^Sj^^j^-^jx^^wm^ 
road^-^wbich ia still serious, iiotm\JMXmftMx%^<^^ 



48 BOAD-MAKING. 

that have been made,— and the very steep hill on the south side 
of Bamet. No conyenience connected with the peculiar 
department of the Post Office, such as the delivery of mail- 
bags at the intermediate villages^ could have compelled the 
use of the Barnet-road by the Holyhead, Chester, and Liver- 
pool mails, because the great northern road, which of necessity 
passes 'through Bamet, was sufficient to serve for their supply, 
while the villages between Bamet and St. Alban's are very in- 
significant, and could have been supplied by foot-posts with- 
out any inconvenience. It still remains, therefore, a matter 
of considerable surprise, why the Barnet-road was preferred to 
the Eoman road by Edgeware, not only by the mails, but by 
nearly all the coaches which made use of the Holyhead-road. 

THE GREAT NORTH ROAD BY BARNET AND HATFIELD. 

This road, as before explained, is identical with the Holy- 
head-road as far as Bamet. It goes on through the long street 
of that place, and passes by Monken Hadley, skirting for a 
mile and a half on the east side of Wrotham-park, passing 
thence by Garwick- corner to Potter's-bar ; then on to Little- 
heath and Swanley-bar, on the east side of Brockman-park, by 
Bell-bar and Woodside, whence it goes on for a mile through 
Hatfield-park, the seat of the Marquis of Salisbury; then bends 
to the north, and skirts the park on the west side as far as the 
town of Hatfield, through the street of which the descent is 
very rapid, very crooked, and dangerous. Beyond Hatfield the 
road goes on by Welwyn and Hitchin to Shefibrd, Bedford, 
Higham Ferrers, Kettering, Market Harborough, and Leices- 
ter. Another branch, being in fact the great north road, goes 
oflf at Welwyn through Baldock, St. Neot's, Alconbury-hill, 
Stilton, Stamford, Grantham, Newark, East Retford, Bawtry, 
Doncaster, to York, Leeds, Newcastle, Carlisle, Edinburgh, 
and Glasgow, and all parts of Scotland. The principal objec- 
tion to this road near London, is the dangerous and incon- 
venlent bill in the town of Hatfield, li \a sm^oX-wc ^i^^X VJoAa 
Jias been allowed to exist so many yeaxS) vfk^n tlttfe^\^^^^V 
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observation of the natural drainage of the country would at 
once point out how it might be avoided. For a mile and a 
half before approaching Hatfield, the valley in which the road 
ought to pass, here distant about half a mile to the west, is 
distinctly visible. As the Great Northern Railway is to pass 
down this valley for some miles, altogether on the west side 
of Hatfield Park, an arrangement has been made, and an 
Act of Parliament obtained, for carrying the road alongside 
the railway for several miles, by means of which the highly 
objectionable hill in the town of Hatfield will be entirely 
avoided, and the new piece of road will join the present one 
at the lower and northern end of the town, where the ground 
is quite flat. Many other objections might be taken, not 
only to the rest of the road between Hatfield and St. Albans, 
but to the whole of the road to London. It appears, in factj 
that the whole of the first fourteen miles, namely, from Lon- 
don to Potter's Bar, would be improved by adopting the road 
now used by some of the Ha^eld coaches, by Ball's Pond, 
east of Homsey, Southgate, between Beech Hill and Trent 
Park, and joining the present road at Potters Bar. This 
road is not longer than the present turnpike road, which it 
entirely avoids. Highgate-hill, and the summit correspond- 
ing with Barnet-hill, is crossed under much more advanta- 
geous circumstances. 
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CHAPTER I. 

THE EXPLOEATION OF ROADS. 

No surer indication can be afforded of the extent of a country's 
trade, or eyen of its advancement in civilization, tban the exist- 
ence of good and sufficient means of internal communication. 
For since it is one of the wise dispensations of Providence that 
many of those commodities which the present artificial state 
of society teaches us to regard as necessaries, are very un- 
equally distributed, some being wanting in certain localities 
where again others are only found, it becomes necessary, in 
order that all may be equally well served, that an interchange 
of these commodities should take place, so that the whole 
country may participate equally in the enjoyment and use of 
those things which would otherwise be confined to only cer- 
tain districts. Thus, we may have in one part of a country 
huge forests, stocked with various kinds of timber; in an- 
other, extensive tracts of fertile land, capable, if properly 
cultivated, of yielding supplies of corn and other produce, 
sufficient for the support of a densely-populated country; in 
a third, mineral treasures, coal and iron, or the more pre- 
cious metals; in another, stone, well adapted for the con- 
struction of houses, and for other building purposes: and 
fet, with all these latent treasures diai^exaei^ Xktwx^wxl l\y^ 
country, of what avail would they be, uioiVe^^ ^^ m^w^a ^^^^ 
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possessed of conveyiDg them to every part of the land, and 
thus distributing to all what would otherwise be enjoyed but 
by a few ? 

It is not, however, only for the purposes of its own in- 
ternal trade that good means of communication are required ; 
thej become even more necessary, to ensure an extensive 
commerce with foreign countries, to enable the peculiar 
produce of the several districts to be brought together to 
those parts of the coast which have been either naturally 
or artificially formed into ports, and then again to distribute 
to every part of the country the goods brought in exchange 
from foreign lands, comprising frequently the necessaries as 
well as the luxuries of human life. 

And further, good means of internal communication are 
essential for the proper defence of a country (whether island 
or continental) against either the attacks of foreign aggressors 
or civil tumults, rendering a much smaller standing army 
necessary for this purpose than would otherwise be required, 
and reducing one of the most costly and most odious burdens 
which a civilized country can be subjected to. 

Such being the case, it will not be a matter of surprise that, 
from the earliest periods, and in all nations having any pre- 
tensions to civilization, the establishment and improvement of 
the means of internal communication has always been regarded 
as a consideration of primary importance ; and one which has 
engaged the highest talents of the civil engineer, the result of 
whose exertions devoted to this object has been the perfection 
of common roads, railways, and canals. 

It is not necessary to enter into the comparative merits or 
advantages of these several means of communication, in order 
to establish the importance and necessity of common roads. 
For although, under certain circumstances, it might be 
questionable which of the three would be the best adapted for 
serving the tract of country through which it was to pass, 
there are an innumerable ivwmViex qI <iasfta» xsv.^^^v^'^s^^'^s^s^ 
common road could \)e ad\axi\a%eQV5L^^ ^xss^^^^^* 
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and navigable rivers or canals may be regarded as the arteries 
of traffic ; while common roads are simply the veins or smaller 
ramifications through which the means of conveyance are 
carried into every nook and comer of the land. It would be 
quite impracticable so to intersect any country with canals or 
railways as to obviate the necessity of common roads, or to 
make the former universally supersede the latter. 

The formation of a perfect general system of railway com- 
munication necessitates the construction of several new 
common roads, in order that towns situated at some distance 
from the nearest line of railway may fully participate in the 
benefits to be derived from it 

We have been led into these remarks because many might 
think that, since the general adoption of railways, the con- 
struction of common roads had become of minor importance, 
and was hardly worthy of much consideration ; whereas, in 
truth, they are in a great degi'ee mutually dependent upon 
each other, as regards their utility and success. The present 
work is confined entirely to the art of constructing common 
roads, in situations where none previously existed, and to the 
repair of those already made. 

Before entering into the practical details of their construc- 
tion, it will be desirable to go into the subject of the eaplora- 
tion of roads, or the manner in which a pefson should proceed 
in exploring a tract of country for the purpose of determining 
the best course for a road, and the piinciples which should 
guide him in his final selection of the same. 

Let us suppose that it is desired to form a road between 
two distant towns, a and b, fig. 1, and let us, for the present, 
neglect altogether the consideration of the physical features of 

Fig. 1. 
c 
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the intervening country ; assuming that it is equally favour- 
able, whatever line we select. Now, at first sight, it would 
appear that, under such circumstances, a perfectly straight 
line drawn from one town to the other would be the best that 
could be chosen. On a more careful examination, however, 
of the locality, we may .find that there is a third town, c, 
situated somewhat on one side of the straight line which we 
have drawn from a to b ; and, although our primary object is 
to connect only the two latter, that it would, nevertheless, be 
of considerable service if the whole of the three towns were 
put into mutual connection with each other. Now this may 
be effected in three different ways ; any one of which might, 
under certain circumstances, be the best. In the first place, 
we might, as originally suggested, form a straight road from 
A to B, and in a similar manner, two other straight roads from 
A to c, and from b to c, and this would be the most perfect 
way of effecting the object in view ; the distance between any 
two of the towns being reduced to the least possible. It 
would, however, be attended with considerable expense, and it 
would be requisite to construct a much greater length of road 
than according to the second plan, which would be to form, as 
before, a straight road from a to b, and from c to construct a 
road which should join the former at a point d, so as to be 
perpendicular to it ; the traffic between a or b and c, would 
proceed to the point d, and then turn off to o : with this 
arrangement, while the length of the roads would be very 
materially decreased, only a slight incre£ise would be occa- 
sioned in the distance between c and the other two towns. 
The third method would be to form only the two roads ao and 
CB, in which case the distance between a and b would be 
somewhat increased, while that between a and c, or b and c, 
would be diminished; the total length of road to be con- 
structed would also be lessened. 

As a general rule it may be taken, that the last qC t\vA^^ 
methods is the best, and most cotivevi\etk\. lot \5aft^\55^^N *^^^ 
is to say, that if the physical cViatefitet ol \)cka e.Qv»\\x^ V^ 
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determine the course of the road, it will generally be found 
best tiot to adopt a perfectly straight line, but to vary the line 
so as to pass through all the principal towns near its general 
course ; for the reason that the^ public may be conveyed from 
town to town with greater facility and less expense than if the 
straight line were adopted, and the towns were merely made 
to communicate with it by means of branch roads : since, with 
the first arrangement, any vehicles established to convey 
passengers or goods between the two terminal towns, would 
pass through all those which were intermediate ; while, if the 
straight line and branch-road system were adopted, it would 
be requisite also to have a system of branch coaches to meet 
the coaches on the main line. 

In laying out a road in an old country which has been long 
inhabited, and in which the position of the various towns, Ac., 
requiring road accommodation is therefore already determined, 
we are left less at liberty in the choice and selection of the 
line of road, and must be guided in that choice by different 
considerations to those which would determine the line of a 
road made thix)ugh a new country, where our only object was 
to establish the easiest and best road between two distant 
stations. In the first case we should take into consideration 
the position of the various towns and other inhabited districts 
situated near the intended road, and its course would be, to a 
certain extent, controlled thereby ; while, in the second case, 
we should simply examine the physical characters of the 
country, and base all our proceedings on the result. 

Whichever of these two cases, however, may have to be 
dealt with, in the ultimate selection and adoption of the line 
of road between those points which are fixed by other circum- 
stances, the same careful examination of the physical character 
of the country should be made, and the same principles should 
control, the choice. 
'In examining almost any tract of country, one of the first 
points which must attract our notice is lYift \Mievet\Ti^'e» ^^ 
uadulationB of its surface ; but if we exlen^L owt o\»etN^\A.OTL %. 
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little further, we sball perceive, even in the most apparently 
irregular countries, the same general principle of confoimation. 
We shall find the country intersected in various directions by 
rivers decreasing in size as they leave their point of discharge ; 
from these main rivers we shall find lesser ones branching off 
on both sides, and running right and left through the country, 
and from these again still smaller streams and brooks ; 
furthermore, we shall find the ground falling in every directioa 
towards these natural watercourses, forming a ridge, more or 
less elevated, running between them, and separating from 
each other the districts drained by each separate stream. 

In all cases it should be the first business of a person, 
engaged in laying down a line of road, to make himself 
thoroughly acquainted with all these features of the country ; 
he should possess himself of a plan or map, showing accurately 
the course of all the rivers and principal watercourses, and 
upon this he should further mark the lines of greatest eleva- 
tion, or the ridges separating the several valleys through 
which they flow ; it would also be of peculiar service if the 
plan contained contour lines showing the comparative levels 
of any two points, and the rates of declivity of every portion 
of the country's surface. The system of showing upon plans 
the levels of the ground by means of contour lines is one of so 
much utility, not only in the selection of roads and all other 
lines of communication, but in the drainage of towns as well 
as their supply with water, in the drainage and irrigation of 
lands, and for almost all purposes, that we have inserted a plan 
of the City of London* (fig. ft), which illustrates its application. 
It will be observed that, upon this plan, there are a number 
of fine lines traversing its surface in various directions, 
and where they approach the borders of the map having 
figures written against them, these lines are termed contour 
lines, and they denote that the level of the ground is identical 
throughout the whole of their course, that is, that every part 

* This plan if taken from the BApoiloii\VftB.<i^\)tLQ\^v^^*>^^V-^'^"^'^^ 
from leveU taken by Mr. Butler YlVViwat, 
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of the ground over which the line passes is a certain height 
above some known fixed point, which height is indicated by the 
figures written against the line. If we examine the map, for 
example, we shall find at the point a, in Smithfield Market, 
a line with the figures 57 attached, which indicates that the 
ground in that spot is 57 feet above some point to which all 
the levels are referred ; if we now trace the course of the line, 
we shall find that it cuts Newgate Street at the point b, passes 
thence to the bottom of Paternoster Row at the point i, 
through St. Paul's Churchyard at o, to Oheapside at d ; it then 
curves round towards the point from which it first started, and 
crosses Alderagate Street twice at e and f; it then, after 
intersecting Fore Street, Cripplegato, in the point o, again 
meets the boundary of the City at h. We learn, therefore, 
by tracing the course of this line, that each of these points is 
the same height, namely, 57 feet above a certain fixed point, 
termed the datum ; and which point, in the present instance, 
is 10 feet below the top of the cap-stone at the foot of the 
step, on the east side of Blackfriars Bridge. Each of the 
lines in fig. 2 indicates a difference of level of 18 inches; so 
that by counting the number of these lines which intersect a 
street or road in any given distance, we ascertain at once the 
rise or fall in the same. Thus, if we look at the line of 
Bishopsgate Street, we see near the north end the contour line 
45, indicating that that point in the street is 45 feet above the 
datum, and we find nine lines intersecting the street between 
this point and the top of Cornhill ; we know, therefore, that 
this point is (1*5 x 9 =) 13 '5 feet above the other end of 
the street, or 58*5 feet above the datum. We are also enabled 
to judge of the rate of inclination of the ground by the 
proximity or distance of these lines ; thus we see that on the 
northern side of the City, where the ground is comparatively 
level, the lines are far apart ; whereas on the side next the 
Thames, and again on each side of the line of Farrin^doix 
Street (which marks the course oi \\ift n^«^ ^1 ^^ Os.^^w?v<^^ 

D ^ 
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Fleet), where the surface is very hilly, we find the contour 
lines close together. 

We have prepared a plan (fig. 3) showing an imaginary 
tract of country, to illustrate more clearly the mode of showing 
by means of contour lines the physical features which may 
belong to it. The hatched line, e fghi, is supposed to be the 
elevated ridge, encircling the valley shown in the plan ; the 
fine black lines are contour lines, indicating that the ground 
over which they pass is at the altitude above some known 
mark expressed by the figures written against them in the 
margin; and it will be observed, that these lines, by their 
greater or less distance, produce the effect of shading, and 
make apparent to the eye at one view, the undulations and 
irregularities in the surface of the country. 

In laying out a line of road there are three cases which may 
occur, and each of these is exemplified in the plan (fig. 3) ; 
first, the two places to be connected may be both situated in 
the same valley, and upon the same side of it, that is, not 
separated from each other by the main stream which drains 
the valley, as the towns a and b on the plan, and this is the 
simplest case which can occur; secondly, although both in the 
same valley, they may be on the opposite side of the valley, 
as A and c, being separated by the main river ; thirdly, they 
may be situated in different valleys, so as to be separated by 
an intervening ridge of ground more or less elevated, as 
A and D. In laying out an extensive line of road, it frequently 
happens that each of these cases occurs, and that, perhaps, 
frequently, during its course ; we shall, therefore, now proceed 
to point out the various methods which might in each case be 
pursued, and afterwards to lay down the general principles 
which should determine our choice of them. 

Before doing so, however, we should perhaps observe, 
although it must be almost obvious to all, that the most 
perfect condition of a road is that iu which its course is 
perfectly straight and its surface perfecWy \eNe\*, w\9i xSoaX., ^ 
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Other things heing the same, that is the hest road which 
approaches nearest to this state. 

Now, in the first case supposed (that of two towns situated 
on the same side of the main valley), there are two methods 
which might he pursued in forming a communication hetween 
them : we might either make a road following the direct line 
between them shown by the thick dotted line a b, or we 
might adopt a line which should gradually and equally incline 
from one town to the other, supposing them to be at a dif- 
ferent level, or if at the same, keeping at that level through- 
out its entire course, and following all the sinuosities and 
curves which the irregular formation of the country might 
render necessary for the fulfilment of these conditions. And 
in the first method (that of a direct line between the two 
places), we might either form a level or equally-inclined road 
from one to the other, forming embankments and cuttings 
where necessary to attain these objects, or we might avoid 
these expensive works and make the surface of the road con- 
form to that of the country. Now, of all these the best is 
the straight and equally-inclined (or level, as the case may be) 
road, although at the same time it is the most expensive ; and 
if the importance of the trafl&c passing between the places is 
not sufficient to warrant so great an outlay, it will then be- 
come a matter of consideration whether the course of the 
road should be kept straight, its surface being made to un- 
dulate with the natural face of the country, or whether, a 
level or equally-inclined line being taken for its surface, the 
course of the road should be made to deviate from the direct 
line, and follow the winding course which such a condition 
is supposed to necessitate. 

In the second case, that of two places situated on opposite 

sides of the same valley, we have in like manner the choice 

of a perfectly straight line to connect them, which would pro- 

haWjr require a heavy embankment if the road were kept 

/areJ, or steep inclines if it followed t\ie auriaee oi tJa^ cwvsavXx^ \ 

or we may, hj winding the road, carry it acxos^ tk^ n^«^ ^\. 
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a higher point, where, if the level rotd were tik^i, the em- 
hankment would not he so high, or, if kept o& the Baihce^ the 
inclination would be redooed. 

In the third case, we have in like manner the altemadTe 
of canyiDg the road across the intenroiing ridge in a paiecdj 
straight line, or of doTiating to the right or left, and ooBsing 
at a point where the ridge is less elevated. 

In all these cases, the proper determination ci the qoestion, 
which of these ooorses is the best under certain drcomstanees, 
involves one of the most difficult points to solve, which if, 
the comparative advantages and disadvantages of inclines and 
carves ; that is, what additional increase in the length of a 
road woold be equivalent to a given inclined plane upoD it, 
or conversely, what inclination might be given to a road as an 
equivalent to a given decrease in its length. In order to a 
correct solution of these questions, it is requisite that we 
should know the comparative force required to draw different 
vehicles with given loads upon level and variouslv-inclined 
roads. We shall, therefore, before proceeding further, in- 
vestigate this subject, and show the manner in which we may 
determine the tractive force required upon roads of any given 
inclination. 

It has been attempted to investigate mathematically the 
resistances which oppose themselves to the motion of various 
descriptions of vehicles drawn along horizontal roads, whose 
surfaces were formed of different materials and in different 
states of smoothness. No satisfactory result, however, has 
been obtained, because we are ignorant of the data which are 
essentially requisite to enable us to arrive at a correct con- 
clusion. We should, for instance, know the relative amounts 
of resistance occasioned by a wheel drawn along a hard smooth 
road, such as a good macadamized road, so hard that the 
wheel can make no appreciable impression upon it ; upon 
the same road when newly covered with stones, and when the 
passing of the wheel over t\iem ctv3J^"&^ \5q»^^ ^\ssvsRft^\»^ ^ 
greater or less degree ; upon a gwcs^V Vi».^ ^^ ««iaS»s» ^ 
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whicb is soft, so that the wheel in its passage sinks into the 
road and forms a rut ; upon a similar road covered with stones 
which are partially crushed and partially forced down into the 
soft road by the wheel passing over them ; or upon a stone 
pavement, such as is common in the streets of towns, laid 
with more or less regularity, and in passing over which the 
resistance is felt in jerks, as the wheels bound from stone to 
stone. Many other cases might be mentioned, in which we 
should be equally at a loss to assign a correct value to the 
resistance which would be experienced by a carriage drawn 
along the particular description of road supposed. Although, 
therefore, some of the attempts which have thus been made 
have been very ingenious, and have shown the mathematical 
skill of the investigator, they have done little besides, and 
would be out of place in the present work. In cases of this 
description, the best practical method of proceeding is by ex- 
periments sufficiently careful and extensive to determine the 
amount of resistance, in each particular case, from which 
we may then determine an empyrical formula or rule, which 
will enable us to generalize the results of our experiments, 
and apply them with sufficient accuracy for practical purposes 
to any particular case we may wish. 

The following are the general results of the experiments 
made by M. Morin upon this subject, at the expense of the 
French Government: — 

1st. The traction is directly proportional to the load, and 
inversely proportional to the diameter of the wheel. 

2nd. Upon a paved or hard macadamized road the re- 
sistance is independent of the width of the tire, when it ex- 
ceeds from three to four inches. 

3rd. At a walking pace the traction is the same, under the 
same circumstances, for carriages with springs and without 
them. 

4th Upon hard macadamized, and upon paved roads, the 
tmctjon increases with the velocity *. \i\xft \TV!.Te\£keG\» <A 
traction being directly proportional to 1\vq mcxemetAa q\ 
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velocity above the velodtj 8*38 feet per second, or about 3^ 
miles per hour. The equal increment of traction ihna doe to 
each equal increment of velocity is less as the road is more 
smooth, and the carriage less rigid or better hong. 

5th. Upon soft roads of earth, or sand or torf, or roads 
fresh and thickly gravelled, the traction is independent of the 
velocity. 

6th. Upon a well-made and compact pavement of hewn 
stones, the traction at a walking pace is not more than three- 
fourths of that upon the best macadamized roads under 
similar circumstances; at a trotting pace it is equal to it. 

7th. The destruction of the road is in all cases greater, as 
the diameters of the wheels are less, and it is greater in 
carriages without than with springs. 

The next experiments which we shall quote, are those of 
Sir John Macneill *, made with an instrument invented by 
him for the purpose of measuring the tractive force re- 
quired on different descriptions of road, under various cir- 
cumstances. The general results which he obtained are 
given in the following table, the numbers in which exhibit the 
tractive force requisite to move a weight of a ton under 
ordinary circumstances, at a very low velocity upon the 
several kinds of road mentioned. 



Description of road. 



Force, in 
pounds, re- 
quired to 
move a ton. 



On a well*inade pavement 

On a road made with six inches of broken atone of great 
hardness, laid either on a foundation of large stones, set in 
the form of a pavement, or upon a bottoming of conorete , 

On an old flint road, or a road made with a thick coating ~ 
of broken stone, laid on earth 

On a road made with a thick coating of gravel, laid on earth. . . 



83 
46 

65 
147 



Sir John Macneill has also given the following arbitrary 
formulsB f, for calculating t\ie tQ^Y&\A.\i<^^ Xi^i Xswfc^'t^ ws.^'«s>s^ia^ 

* Sir H. Pamell on ILoad*. ^. 1^. \ X«A..>^» ^'^^^ 

I 
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kinds of roads ; they have been deduced from a considerable 
number of experiments made on the different kinds of road 
specified below, with carriages moving at various velocities. 
Putting B for the force required to move the carriage, w the 
weight of the carriage, to that of the load, all expressed in 
pounds, V the velocity in feet per second, and c a constant 
number, which depends upon the surface over which the car- 
riage is drawn, and the value of which for several different 
kinds of road is as follows : — 

On a timber BurCBce c ^ 2 

On a paved road „ 2 

On a well-made broken stone road, in a dry clean state „ 5 

On a well-made broken stone rotid, covered with dust „ 8 

On a well-made broken stone road, wet and muddy „ 10 

On a gravel or flint road, in a dry clean state „ 13 

On a gravel or flint road, in a wet muddy state „ 32 

We have, in the case of a common stage wagon : 
^ == — ^ — +-r-+cv; (I.) 

and in the case of a stage coach : 

» = — ^ 4- — + c v; (2.) 

100 40 ^ ^ 

These formulsB, being reduced to verbal rules for the con- 
venience of those not conversant with algebraical expressions, 
are as follows : — 

EuLE. — Divide the weight of the carriage when loaded, in 
pounds, by 93 if a wagon, or 100 if a coach, and to the 
quotient add one-fortieth of the weight of the load only ; the 
sum, added to the velocity in feet per second, multiplied by the 
proper number taken from the above table for the particular 
kind of road, will give the force in pounds required to draw 
the carriage at the given velocity upon that description of 
road. 

For example: what force would, be Tec\Qas\\A \o twss^ ^ 
st;age coach weighing SOOOlbs., and baVmg a\o8A oi VWi^Vosi, 
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65 



at a velocity of 9 feet per second, along a broken stone road 
covered with dust ? 
Here we have 

2060 + 1100 . 1100 



+ 



40 



4-8x9 = 1311 lbs. 



100 
for the force reqoired. 

We next pass on to consider the additional resistance which 
is occasioned when the road, instead of being level, is inclined 
in a greater or less degree. In order to simplify the question, 
let us suppose the whole weight to be supported on one pair 
of wheels and that the tractive force is applied in a direction 
parallel to the surface of the road. On this supposition let 
A B (6g. 4) represent a portion of an inclined road, c being a 

FIG. 4. 




carriage just sustained in its position by a force acting in the 
direction c d ; now it is evident that the carriage is kept in 
its position by three forces, namely, by its own weight (equal 
w) acting in the vertical direction c f, by the force (equal f) 
applied in the direction cd parallel to the surface of the 
road, and by the pressure (equal p) which the carriage exerts 
against the surface of the road acting in the direction ce, 
perpendicular to the same. To determine the relative mag- 
nitude of these three forces, draw the horizontal line a g, and 
the vertical one b g ; then, since the two lines c f and b g are 
parallel, and are both cut by the line a b, they must make 
the two angles c f b and a b g equal ; also the two angles c e f 
and AGB are equal, being \>afti tv^X. wi'^'^'5»\ "^^^^^"^^ "^"^ 
remaining angles fce axi4 bkQc «x^ ^^^^ «»^ "^^ "^^^ 
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triangles o f e and a b a are similar. And as the three sides 
of the former are proportional to the three forces by which 
the carriage is sustained, so also are the three sides of the 
latter, namely, a b, or the length of the road is proportional 
to w, or the weight of the carriage, b g, or the vertical rise in 
the same to f, or the force required to sustain the carriage on 
the incline, and a o or the horizontal distance in which this 
rise occurs to f, or the force with which the carriage presses 
upon the surface of the road. 
We have, therefore, 

w : A B : : f : o b, 
and w : A B : : p : A G. 

And if we make a a such a length that the vertical rise of the 
road is exactly one foot, we shall have 

F = --- = - , , = w . sin ^ . . (3.) 

A B n/a G^ + 1 ^ ^ 

W . AG W . AG 

and F = ~r~r- = , - = w . cos i9 . . (4.) 

in which ^ is the angle bag. 

These formulae reduced to verbal rules are as follows : — 

To find the force requisite to sustain a carriage upon an 
inclined road {the effects of friction being neglected), divide 
the weight of the carriage, including its load, by the inclined 
length of the road, the vertical rise of which is one foot, 
and the quotient is the force required. 

To find the pressure of a oarriuge against the mrface of an 
inclined road, multiply the weight of the loaded carriage by the 
horizontal length of the road, and divide the product by the 
inclined len^ of the same; the quotient is the pressure 
required. 

Example,— 'W}[isX is the force required to sustain a carriage 
weighing SfllO lbs. upon a roadj the inclination of which 
js one in thirty, and what is ibe ]f reaavxTQ oi xSci^ ^waa \i.^ii 
^e 8ur£Btce of the road ? 
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Here the horizontal length of the road (ao) being 30, the 

inclined length (ab = \/ag* + 1) is 30017, and we have, by 
the first rule, 3270 -r- 30017 = 108-93 lbs. for the force 
required to sustain the carriage on the road ; and, by the 
second rule, (3270 x 30) -e- 30017 = 3269-9 lbs. for the 
pressure of the carriage upon the surfisu^e of the road. 

Since the pressure of a carriage on a sloping road is found 
by multiplying its weight by the horizontal length of the 
road and dividing by the inclined length, and as the former 
is always less than the latter, it follows that the force with 
which a carriage bears upon an inclined road is less than its 
actual weight, as will be seen in the foregoing example, in which 
it is about two pounds less ; unless, however, the inclination 
is very steep, it is not necessary to calculate the pressure, 
which may be assumed to be equal to the weight of the 
carriage: 

If B expresses the resistance which has to be overcome in 
moving any particular carriage at a given rate upon a 
horizontal road, then b + f will be the resistance upon 
ascending a hill, and b -^ f upon descending a hill, with the 
same velocity, in both cases neglecting the decrease in the 
weight of the carriage produced by the inclination of the road. 
Taking, however, this decrease into consideration, the follow- 
ing modification in the formulee (1.) and (2.) will be requisite 
to adapt theiQ to an inclined road, 

(w 4" ^ It; X 
g^ + Jq I . cos jS q: (w + w) . sin |3 + c t) . (6.) 

in the case of a common stage wagon, and in that of a stage coach, 

(W 4- 10 w\ . 

TOCT "^ 40 / • cos IF (w + «;) . sm ^ + c V . (6.), 

the upper sign being taken when the vehicle is drawn down 
the incline, and the lower when it is drawn up the same. 

Neglecting the decrease in the weight of the carriage, in 
order to ascertain the resiBlaxwift m "^^^YCi^ \is^ ^^ ^^s^k^ ^ 
bill, we have only to ca\c\x\aU )a^ \>Diek TviXa ^^^'^ 5^^2«v ^ 
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page 64 the resistance on a level road, to which, if the carriage 
ascends the hill, we must add, or if it descends, subtract, the 
force requisite to sustain the carriage on the inclined road, 
calculated by the rule at page 66 ; the sum or difference, as the 
case may be, will express the resistance required. 

As an example, let us take, as before, the case of a stage 
coach weighing 2060 lbs., besides a load of 1100 lbs., and 
having to be moved at a velocity of 9 feet per second, 
along a broken stone road whose surface is covered with dust, 
and inclined at the rate of one in thirty. 

Then the force to sustain the coach on this slope will be 

3160 

-^ = 105 3 lbs. 

which, added to the force already found at page 65 as being 
requisite to move the same coach on a level road, will be 
(105-3 4- 13M =) 236-4 lbs. for the force required to move 
the coach with a velocity of 9 feet per second up an inclination 
of one in thirty, and subtracted from the same, will be (131*1 — 
105*3 =) 25*8 lbs., the force required to move the coach 
with the same velocity down the same inclination. 
The same example worked by formula (6) will give, 

(2060 -f- 1100\ 
Y^ J -9995 + (2060 + 1100) -0333 + 8x9 

= 236-3 lbs. 

when the carriage is drawn up the incline, and 

(2060 + 1100\ 
j^ J -9995 - (2060 + 1100) 0333 + 8x9 

= 25 84 lbs. 

when the carriage is drawn down the incline, the result being 

the same as that given by the rule. 
The following table has been calculated in order to show 

with sufficient exactness for most practical purposes the force 

required to draw carriages over inclined roads, and the com- 
parative advantage of such roada and tYioaei ^\i\tV «t^ ^«t- 
'^clJjr Jevel. The first column expteaaea \\iei t^Xa q1 var 
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clination, and the second the equivalent angle ; the two next 
columns contain the force requisite to draw a common stage 
wagon weighing with its load 6 tons, at a velodtj of 4*4 feet 
per second (or 3 miles per hour) along a macadamized 
road in its usual state, both when the hill ascends and when 
it descends ; the fifth and sixth columns contain the length 
of level road which would he equivalent to a mile in length of 
the inclined road, that is, the length which would require the 
same mechanical force to he expended in drawing the wagon 
over it as would be necessaiy to draw it over a mile of the 
inclined road. The four next columns contain the same in- 
formation as the four last described, only with reference to a 
stage coach supposed to weigh with its load 3 tons, and to 
travel at the rate of 8*8 feet per second, or 6 miles per 
hour. 
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The foregoing table may be considered as affording a view 
of the comparative disadvantage of hilly roads with light and 
heavy traffic ; the stage wagon, weighing 6 tons and travelling 
at the speed of 3 miles per hour, may be taken as a fair 
average for goods traffic, and the stage coach, weighing 8 tons 
and running 6 miles an hour, for passenger traffic. From 
the table we perceive that hills act much more unfiEivoarably 
on the former than on the latter. The force which would be 
requisite to move the wagon on a level road would be 264 lbs , 
and that to move the coach 362 lbs., being an excess of 
08 lbs. for the traction of the coach ; but with a road inclined 
at the rate of 1 in 600, this excess is only (373 — 286 =) 
87 lbs., and when the inclination of the road amounts to 
about 1 in 70 the forces required to draw them become equal ; 
as the inclination of the road increases beyond this, the excess 
of the force requisite to draw the wagon over that necessary 
to move the coach increases rapidly (as will be seen in the 
table), until, at an inclination of 1 in 7, it amounts to 
(2162 — 1308 =) 864 lbs. 

If we compare the forces required to draw either the wagon 
or coach up and do^n any given incline, we shall find that 
the former is as much greater than the force required on a 
level road as the latter is less than the same ; it might thence 
be concluded that in the case of a vehicle passing alternately 
along the road, no real loss would be occasioned by the in- 
clination of the road, since as much power would be gained in 
the descent of the hill as was lost in its ascent. Such is not, 
however, practically the fact, for while the inclinations of the 
road render it necessary in the ascending journey to have 
either a greater number or more powerful horses than would 
be requisite if the road were entirely level, no corresponding 
reduction can be made in the descending journey ; we must 
still have horses sufficient to draw the vehicle along the level 
portions of the road ; nor will (generally speaking) the horses 
hare leas to do in descending tlie \xt1\, biticq ii)[ie>^ Yvvift \x^- 
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quently to push back, to prevent the speed of the coach he- 
coming accelerated beyond the bounds of safety. 

In a practical point of view, therefore, we may consider 
that the fifth and ninth columns in the foregoing table ex- 
press the length of level road which would be equivalent to a 
mile of road with the stated inclination, the former giving 
the result for heavy traffic, and the latter for passenger traffic. 
For instance, opposite 1 in 75, we find in the ninth column 
1 '247 miles, or nearly a mile and a quarter, stated as the 
length of a road having that inclination which would be 
equivalent to one mile of a similar road perfectly level, be- 
cause the same force would be requisite to move a coach of 
3 tons at a velocity of 6 miles per hour along one as along 
the other. Although, however, they might be considered 
equal as far as the power requisite for traction was concerned, 
iu other respects one might be more advantageous than the 
other ; as for instance, the shorter road would cost least for 
repairing, and would occupy least time in being passed over. 
The table, therefore, merely expresses the equivalent length 
as far as the mechanical power required for the traction is 
concerned ; the relative merits in other respects depending 
generally upon so many various circumstances as to render 
it quite impossible to lay down any specific rules for their 
determination. 

We shall now return to the subject of the selection of 
route, and proceed to explain the course which should be 
pursued to obtain the requisite data, to enable a correct de- 
termination to be arrived at. 

In laying out a new line of road, the first proceeding is 
usually, after a general examination of the country, to lay 
down upon the best map which can be procured one or more 
lines^ for the purpose of being more carefully examined. If 
possessed of a contour map of the district, such as we have 
described, this proceeding will be greatly facilitated; we 
shall, however, suppose that suck is nottKecasA^^YsssA^^^'^ 
are very few instances in vi\i\c\v «^ TCi^\-\fia^'^^ ^^>S^>sfe 

Road-making, p^ 
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likely to find such a plan for his use. His nejct proceeding 
should be, to make an accurate survey of the lands through 
which the several lines that he has sketched out pass, which 
should be afterwards plotted, or laid down to such a scale as 
will allow the smallest featureii to be shown with sufficient 
accuracy and distinctness : a scale of ten chains to the inch 
fot the open country, with enlarged plans of towns and vil- 
lages upon a scale of three chains to the in(;h, will generally be 
found sufficient. Careful levels should also be taken along the 
course of each line, and at certain distances (depending upon 
the nature of the countiy) lines of levels should be taken at 
right angles with the original line. In taking these levels 
the heights of all existing roads, rivers, streams, or canals, 
should be noted, and benchmarks should be left at least every 
half mile, that is, marks made on any fixed object, such as a 
gate-post, or the side of a house or bam, &c., the exact height 
of which is ascertained, and registered in the level-book, so 
that, in case of a deviation being made in any portion of the 
lines, the levels of that part may be taken without the neces- 
sity of again going over the other parts of the Mne. A section 
should be formed from these levels, having the same horizon- 
tal scale as the general plan, and sUch a vertical scale as will 
show with distinctness the inequalities of the ground : if the 
horizontal scale is ten chains to the inch, the vertical scale 
may be SO feet to the inch. 

Fig. 5 is supposed to be such a plan as we have described, 
plotted on a scale of ten chains to the inch, and showing a 
district through which it is wished to form a road ; we have 
shown one line running nearly straight across the plan, and 
a deviation therefrom, which although longer, would run on 
more favourable ground. Figs. 6 and 7 are sections showing 
the levels of the surface of the ground, the former on the 
straight line, and the latter on the deviation from it. We 
have shown in these sections and on the plan the information 
whch will be requisite in enabling l\ve eti^Tkfcet \»^aJ5 ^«^«jl 
tlie course of the road, and to arrange t\ie ^oaV^'Citi wv^ ^ass^ar 
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sions of the varions calverts, bridges, and other works be- 
longing to the same. 

By reference to these drawings, it will be seen (fig. 5) that the 
straight line has to cross a stream at b, and the river twice at 
and D ; and also that it must pass from b to e, over a 
swamp or morass of such a nature that, if a solid embank- 
ment is formed, it is probable that a veiy large quantity of 
ground will be absorbed, beyond what the section would 
indicate ; added to which, from the river being liable to be 
flooded, it will be necessary to form bridges with several 
otpaoious openings at those points where the intended road 
crosses the river. These disadvantages attending the more 
obvious route would induce the engineer to sketch out some 
other line, by which they would be avoided. And he would 
then have the levels taken, and the requisite information, to 
enable him to choose between the two. 

The manner in which the sections should be drawn, and 
the information to be given upon them, are shown in figs. 6 
and 7. In addition to which the following data should be 
obtained, and entered either in the survey field-book, or in 
the level-book. 

At tlie point b (fig. 5) the line crossei a stretm 8 feet in width and 
) foot 4eep ; in flood this stream brin jrs down a considerable qnantitj 
of water. 

At the point o on the section the river is much narrower and not so 
deep as at other places, in consequence of a great portion of its waters 
finding a passage through the marshy ground on either side. Its width 
is 16 feet, and its depth 2 feet ; the velocity of its ciurrent is 95 feet per 
minute ; the height of its sur&ce at the present time is 30*10 feet abore 
il^e datum ; and the angle of skew which the couirse of thef stream makes 
with thf line of the road is 62 degrees. 

At t|}e point D the river is 27 feet wide, and 2\ feet in depth ; its 
▼elocitj 87 feet per minute ; the height of its furfeot above the datum 
2P'96 fJMt ; and the angle of skew 49 degrees. 

• The ground from b to e is of a very soft boggy vature, and full of 
water. 

TAe h^gbt to which the river "haa naen. ^^oxm^ ^^ \ft^««^ ^wA. 
known, at the bridge at v on the plan, \a ^5 iefc\ «^j«^ ^^ ^\«a\ ^^* 
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imter-wa^ at iliat time was 90 feet and the sectional area of the openings 
throngli which the water then flowed was 550 square feet The same 
flood at the }ower bridge, at a on the plan, was 85*3 feet above the 
datum; the water-way was 102 fee^ and the sectional area nearly 600 
square Iset 

The deviation line only crosses one stream at M on the plan and 
se^on. The present width of this stream is 15 feet^ t^d its depth 18 
inches ; but in times of flood it rises to the same height as the river and 
brings down a large body of water. The present height of its sur&oe 
above the datum is 31*25 feet, and the angle which its course makes 
with tile line of road 85 degrees. 

We have introduced the foregoing in order to show tho 
kind of data which should be obtained by those engaged in 
taking the levels and survey for road-making*. 

A cross section should also be taken of each of the existing 
roads near their junction with the intended road ; the use of 
which is to show to what extent, if anj, the levels of the 
existing roads might be altered, the better to suit that of the 
new road* 

Possessed of the sections, figs. 6 and 7, we next proceed to 
lay down the line of the road, or, in other words, to determine 
the levels at which it shall be formed. As it is desirable 
that tlie road should always be dry, it should be at least a 
foot above the level of the flood; and if kept at 37*25 feet 
above the datum, which is the height of the existing road at 
I, we shall effect this object. Upon drawing a line at this 
level upon the section, we perceive that an embankment will 
have to be formed from the road at i, across the vallej to the 
point were this line meets the ground at k, and that the 
remainder of the road from k to h will be in a cutting. 
Now the obvious principle, in arranging the levels of a road, 
would be so to adjust the cuttings and embankments that 
the ground taken from one should form the other. In the 

* The information relative to the rivers crossed, such as is given above, 
should always be obtained, in order that the bridges constructed over them 
may he adequate for the passage oi t\ift ^t^^jet \«^^^N. ^«^«tk.\sL "^ssssr^ ^ 
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present instance, boweyer, this is impossible, because tbe 
level of tbe road is determined by otber circumstances, and 
necessitates tbe formation of a very long embankment with 
but very little cutting, therefore rendering it necessary for 
ground to be obtained from some other source, with which to 
form the embankment In order to produce as much cutting 
as possible, the line should be kept at the same level as be- 
fore until it becomes necessary to rise to attain the level of 
the existing road at h ; if an inclination of 1 in 50 be given 
to this last part of the road, the distance at which the rise 
Mill commence will be 200 feet from h, the difference of 
level being 4 feet. We have therefore to add to the other 
disadvantages already mentioned, as belonging to the straight 
line of road, that of requiring the formation of a large em- 
bankment, and the necessity of making an excavation in 
some other place, to afford the earth for that purpose. 

We vnll now examine the section of the deviation line, and 
see what improvement can be thereby effected. We must, 
as before, keep the level of the lowest portion of the road 
37*25 feet above the datum ; and if we draw a line at that 
level on the section, fig. 7, we shall find that the quantity of 
embankment is very much reduced, and that there will 
now be no difficulty in adjusting the cutting between h and 
L, so as exactly to afford the amount of filling required. A few 
trials will show that if the line be kept at the same level until 
within sixteen chains of h, and then carried up at a regular 
inclination, this object will be effected, and that the amount 
of cutting and embankment will be very nearly equal. This 
latter will therefore be the line which the engineer would 
select as the best ; and having done so he would proceed to 
mark the course of the road on the ground, by driving a 
stake into the ground on its centre line at every chain (or 
66 feet) ; he would then take very careful levels of the height 
of the ground at every one of these points, and at any interme- 
d/ate point, where any undulation or c\iMi%<& oi\es^\ wicvaxad^ 
and wherever the level of the ground vaT\^d\x> wrj «iL\«ii\2L\.\\i 
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a direction at right angles with the oonrso of the road, he 
would take levels from which to make transverse or cross 
sections of the ground. 

From these levels a working section should he made, hav- 
ing a horizontal scale of not less than five chains to the inch, 
and a vertical scale of 20 feet to the inch ; a portion of the 
section plotted to these scales is shown in fig. 8 ; the level of 
jthe surface of the ground ahove the datum, at every chain at 
the points where stakes have been driven into the ground, 
should be figured-in on the section, as shown in the column 
A, and the depth of cutting or height of embankment, at the 
same points, should be given in another column, b. This 
last column is obtained by taking the difference between the 
level of the surfEioe of the ground and the level of the road. 
It will be observed that upon the section there are two 
parallel lines drawn as representing the line of road; the 
upper line is intended to represent the upper surface of the 
road when finished, while the lower thick line represents 
what is termed the formation surfacey or the level to which 
the surface of the ground is to be formed, to receive the 
foundation of the road; in the section we have made the 
formation 1 5 inches below the finished surfaoe of the road, 
which will therefore be the thickness pf the road itself All 
the dimensions on the section are understood to refer to the 
formation level; and the height of the latter above the 
datum should be fi gured-in wherever a change in its rate of 
inclination takes place, which should be marked by a stronger 
vertical line being there drawn, as shown at q. 

When the cuttings are of any depth, trial pits should be 
sunk at about every ten chains to the depth of the intended 
cutting, in order to ascertain the nature of the ground, and 
to determine the slopes at which the sides of the cutting 
would safely stand ; and also at what slopes the same earth 
would stand when formed into the embankments. The cut- 
ting and embankments should then be numbered on the 
section, and the slopes intended to \>e ^^etL \ft ^w3cl %VaX^ 
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upon the same, The contents of the catting or embankment, 
^t is, ihe number of cubic yards which will have to be 
iQOYed for its formation, with the intended slope, should 
then be calculated wd stated upon the section. The man- 
ner of calculating these quantities will be explained in a sub- 
sequent chapter, on estimating the cost of the road. 

Wherever rivers or streams are crossed, bridges or culverts 
must be introduced, and of these detail drawings should be 
prepared) and reference made to them on the working sec- 
tion. 

A working plan should also be constructed on the same 
horizontal scale as the section, upon which the position of 
the center stakes should be shown; and on this plan the 
road should be drawn in of its correct width on its upper 
surface, and another line showing the foot of the slopes. 
The stakes on the plan should be numbered consecutively, 
to facilitate reference to any part of the line, and the width 
of land required at every stake should be calculated in the 
manner which we are about to describe, and entered in a 
kind of table, from which the width of land required for the 
purpose of the road may be ascertained at every chain. We 
will suppose that, in the present case, the finished width of 
the road itself is to be 40 feet, and that an additional 6 feet 
will be required on each side for the ditch and bank ; we 
have then 26 feet as the side width of the road without any 
slopes, or where the road is on the same level as the ground, 
and we shall observe that in the following table, wherever 
there is no cutting or embankments (as at stakes Nob. 1 and 
30), this is the width given in the fourth column. To find 
the heights at the other stakes we must add to the constant 
width (viz. 26 feet) the height of embankment or depth of 
cutting (as the case may be) multiplied by the ratio of the 
slope. Thus, in the first cutting, the ratio of the slopes 
being (as stated on the section) 1 to 1, we have simply to add 
the depths of the cut,ting at each stake to 26 feet, and we 
obtain the numbers g^veiv in i)[V^ i.Qux^ ct;}^»^es^« Y&«s^*^sns) 
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2l8t Stake we leave tbe catdDg, and the ratio of the dopes 
then becomes H to 1 ; we have then to add one and a half 
times the height of the embankment, and we then in like 
manner obtain the numbers in the fborth column. 
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After ascertaining the side widths as above', the next ope- 
ration is to set out the same on the ground, driving in another 
stake at every chain at the correct distance on each side of 
the center one. A grip about 4 or 5 inches \?ide should then 
be cut from stake to stake, so as to mark both the center and 
sides of the road upon the ground by a continuous line. The 
side lines thus set out, it must be remembered, are not the 
foot of the slopes, but include 6 feet on each side for a bank 
and ditch ; another stake should therefore be driven at every 
chain 6 feet within the outer stakes on each side, and another 
grip cut to mark the foot of the slopes. 

A strong post should next be fixed into the ground upon 

* The BlopeB here change feom 1 to 1, Vi \\ \» "V. 
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the eenter Ime w lieigier a change in the indinadon of the 
road takes plaoe (as at the 17th stake in the present instmce), 
upon which a cross piece shoold he j^aoed at the intended 
height of the fomation soifiMe of the road, and intermediate 
heights shoold he pot np at soch distances as will enable the 
workmen to keep the embankments to their proper lerel. 
In cattings, pits most he sonk in a similar manner, at certain 
intervals, to the depth of the formation snrfice, to serve as 
guides to the excavators in forming the catting. 



CHAPTER II. 

OK TUB SECTION OF BOADS. 

Havikg in the preceding chapter explained at length the 
objections which belong to inclined roads, and given rules for 
determining, with as much accuracy as the nature of the 
question will admit, the amount of resistance which thev 
oppose to the haulage of vehicles, it will not be necessary in 
this place to say much on the longitudinal inclination, or 
gradient, as it is technically termed, of roads. 

Where hills or gradients are necessary, they should be 
made as easy as possible; and, although with all hills a 
certain amount of additional power must be required to draw 
a carriage np them, so long as the inclination is within certain 
limits, the hilly road may be considered as safe as a level one 
woold be. This limit depends upon the nature and condition 
of the surface of the road, and is attained in any particular 
case when the inclination of the road is made equal to the 
limiting angle of resistance for the materials composing its sur- 
face, that is, when it is such that a carriage once set in motion on 
the road would continue its descent without any additional force 
being applied. As soon as this limit is past, the carriage would 
descend with an accelerated velocity, unless the horses or 
other moving force were employ e4 lo \^'s»\x«kVCL\^.\ ^»^>^^&siK5is^ 
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in mcli a case tbe use of a drag, by incraaaiiig th« re^staace, 
would in a measure obviate the danger, yet the ii^urf 4on6 to 
the surface of the road by the use of the drag rend^ta it 
desirable t« diipenae with it altogether. The following table, 
taken from the second Tolume of the Budimaata of Civil 
Engineering, ahowe the rate of inoUnation at which this limit 
is attained on the various kinds of roads mentioned in the 
first oolumn. The values of the resistances oa which this 
table is calculated are those given by Sir John MacoeiUt and 
already quoted at page 63. 
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The following table of gradients will be fonnd of oon- 
siderable value in laying ont and arranging roads ; the first 
column containa the gradient, expresBed in the ratio of the 
height to the length ; the two next, the vertical rise in a mile 
and a chain respectively; the fourth columnt the angle 
{B page 66) of inelination with the horizontal ; and the last 
column, the sine of the same angle, which is inserted far 
&cilitating the calculation of the reaiitancea oocasioned by the 
gradient. 
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We next come to the subject of the width and transTorse 
form which should be given to roads. As regards the first, 
the width to be given to the road, we should certainlj recom- 
mend a wide road ; it is an error to suppose that the cost of 
repairing a road depends entirely upon the extent of its 
surface, and consequently increases just as we increase its 
width ; the cost per mile of road depends more upon the 
extent and nature of the traffic, and unless extremeAe taken, 
it may be asserted that the same quantity of material would 
be necessary for the repair of a road, whether wide or narrow, 
which was subjected to the same amount of traffic ; with the 
narrow road, the traffic, being confined more to one track, 
would wear the road more severely than when spread over 
a larger surface ; the expense of spreading the material over 
the wider road would be somewhat greater, but the cost of the 
materials might be taken as the same. One of the advantages 
of a wide road is that the wind and sun exercise more 
influence in keeping its surface dry. The first cost of a wide 
road is certainly greater than that of a narrow one, and that 
nearly in the ratio of its increased width. 

For roads situated between towns of any importance, and 
exposed to much traffic, the width should certainly not be less 
than 30 feet, besides a footpath of 6 feet ; and in the imme- 
diate vicinity of large towns and cities, the width should be 
still further increased. No specific rules can, however, be 
given for the width in such situations ; experience will soon 
show what width is requisite in any given situation. 

The form to be given to the cross section of a road is a 
subject of much importance, and one upon which much 
difference of opinion exists. Some advocate a considerable 
curvature in the upper surface of the road, with the view of 
facilitating the drainage of its surface ; while others (and that 
the majority) are averse to a road being much curved, for 
reasons which we will presently state. Again, it is the 
practice of some to form the roa^i on a. ^\. %\a^^ it^xi^- 
verselj; while others propose giving a ^vg \x> >i)!ttfi iatm^>Gtfs^ 
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surface each y^aj from the center, on the supposition that the 
drainage of the road will be thereby facilitated. 

Now it must be obvious to all, that the only advantage 
resulting from curving the transverse section of the road is 
allowing the water, which would otherwise collect upon its 
sur&ce, to drain freely off into the side ditches. It has been 
urged by some that, in laying on fresh material upon a road, 
it is necessary to keep the center much higher than the sides ; 
because, in consequence of the majority of carriages using the 
center of the road, that portion will wear quicker than the 
sides, and, unless made oiiginally much higher, when so 
worn it will necessarily form a hollow or depression, from 
which the water cannot drain. Now it is entirely overlooked 
by those who advance this argument, that the only reason 
why carriages use the center in preference to the sides of a 
road, is because of its rounding form, it being only in that 
situation that the carris^e stands upright ; if the road were 
comparatively flat, every portion would be equally used ; but 
on very convex roads, the center is the only portion of the 
road on which it is safe to travel. On this subject Mr. 
M*Adam remarks, in giving evidence before a committee of 
the House of Commons 'i', ** I consider a road should be as 
flat as possible with regard to allowing the water to run off it 
at all, because a carriage ought to stand upright in travelling 
as much as possible. I have generally made roads three 
inches higher in the center than I have at the sides, when 
they are eighteen feet wide ; if the road be smooth and well 
made, the water will run off very easily in such a slope." 
And, in answer to the question, " Do you consider a road so 
made will not be likely to wear hollow in the middle, so as to 
allow the water to stand, after it has been used for some 
time ?" he replies, — •* No ; when a road is made flat, people 
will not follow the middle of it as they do when it is made 
extremely convex. Gentlemen will have observed that in 
roads very convex, travellers geuet^SV'^ iO^w^ N^^ \x»^\si.'^!siSk 
• Parliaaaeatarj' Keport on the H\gVire.':^%ol ^'^'?02D!^«».>'^^*^*'^'*^' 
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middle, ^bioh is the only place where a carriage can ran 
upright, hy which means three furrows are made hy the 
horses and the wheels, and water continually stands there ; 
and I think that more water actudUy ^ands vpon a very 
convea road than on ons which ia reatonaidy flat*"* And on 
the same subject, Mr. Walker remarks 't'j ''A road much 
rounded is dangerous, particularly if the cross section ap- 
proaches towards the segment of a circle, the slope in that 
case not being uniform, but increasing rapidly hovi the 
nature of the curve, as we depart from the middle or vertical 
line. The over-rounding of roads is also iigurious to them, 
by either confining the heavy carriages to pne track in the 
crown of the road, or, if they go upon the sides, by the greater 
wear they produce, from their constant tendency to move 
down the inclined plane, owing to the angle which the surfiace 
of the road and the line of gravity of the load form with each 
other; and, as this tendency is perpendicular to the line of 
draught, the labour of the horse and the weior of the carriage 
wheels are both much increased by it." 

The drainage of the surface of the road is then the only 
useful purpose which will be answered by making it convex ; 
and even this in but a very imperfect manner, in consequence 
of the irregularities and roughness which we find even in the 
best roads; the surface of a road is much more efilciently 
drained by a small inclination in the direction of its length, 
than by a much greater transverse slope ; on this subject Mr. 
Walker has very justly remarked!, " Clearing the road of 
water is best secured by selecting a course for the Toad which 
is not horizontally level, so that the surface of the road may, 
in its longitudinal section, form, in some degree, an inclined 
plane ; and when this cannot be obtained, owing to thQ 
extreme flatness of the country, an artificial inclination n^y 
generally be made. When a road is so formed, every wheel- 
track that is made, being in the line of inclination, becomes a 

* iV/wmeptaiy Bcport, 1810, V- ^^- ^ ^^» V ^^^ 
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cbaiwel for carrying off the water much more eSec* Fia. 9. 
toally than can be done by a curvature in the cross 
section or rise in the middle of the road, without the 
danger or other disadvantages which necessarily at- 
tend the rounding a road mueh in the middle, I 
opnsider a UJl of about an inch and a half in ten feet 
to be a minimum in this case, if it is attainable with- 
out a great deal of extra expense." While, then, the 
advantages attending the extreme convexity of roads 
18 80 small, the disadvantages are considerable ; on 
roads so constructed, vehicles must either keep upon 
the crown of the road, and so occasion an excessive 
and unequal wear of its surface, or use the sides, 
witli the liability of being overturned. The evidence 
of ooaiih-masters and others, taken before the Com- 
mittee of the House of Commons, and appended to 
the report from which we have already quoted, quite 
bears out the view here taken, and shows that many 
accidents, and much danger, have arisen from the*^ 
praotioe of forming roads with an excessive amount '^ 
of convexity. 

In making the above remarks, we must be under- 
stood as only disapproving of the praotice (which has 
been but too prevalent) of forming roads with cross 
saetions rounding in an extreme degree, and not as 
advocating a perfectly, or nearly, fiat road, as many, 
who have &llen into the opposite error, have done. 
We should recommend, as the best form which could 
be given to a road, that its cross section should be 
formed of two straight lines inclined at the rate of 
about 1 in 8Q, and united at the center or crown of 
the road by a segment of a circle, having a radius 
of about 90 feet. This form of section is shown in 
fig. 9, and the rate of inclination there given is quite 
sufficient to keep the surface of a tc^^A. &m^^^,^^^- 
vided it ia in good order and ire© ito\xv x>a\A\ *\^ «<^^ 
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is not the case, no amount of convexity which could be given 
to the road would be of any avail, as the water would still re- 
main in the hollows or furrows. 

The form of cross section here suggested is equally adapted 
to all widths of -road, as the straight lines have merely to be 
extended at the same rate of inclination, until they meet the 
sides of the road. 

The foregoing remarks apply only to the exterior or upper 
surface of the finished road ; with regard to the form which 
should be given to the bed upon which the road is to be 
formed, a similar difference of opinion exists as to whether it 
should be flat or rounding. In this case we are of opinion 
that, except where the surface upon which the road has to be 
formed is a strong clay or other soil impervious to water, no 
benefit will result, as far as drainage is concerned, in making 
the formation surface or bed of the road convex. It should 
be borne in mind that, after the road materials are laid upon 
the formation surface, and have been for some time subjected 
to the pressure of heavy vehicles passing over them, they 
become, to a certain extent, intermixed; the road materials 
are forced down into the soil, and the soil works up amongst 
the stones, and the original line of separation becomes entirely 
lost. If the surface upon which the road materials were laid 
were to remain a distinct fiat surface, perfectly even and 
regular, and into which the road materials could not be forced, 
then it would be of use to give such an inclination to it as 
would allow any water which might find its way through the 
crust or covering of the road to run off to the sides of the 
same ; although, even then, it would have to force a passage 
between the road materials and the surface on which they 
rest ; such is, however, as we have already remarked, far from 
being the case ; and, therefore, we hold that, unless under 
peculiar circumstances, no water which had found its way 
through the hard compact surface of the road itself would be 
arrested by the comparatively Boit sotfefie ol \\a '^i^^ «xA 
carried off into the side ditches, N^\iat«^Nex VJaa ^a^ ^\xi^ 
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might be given to it. While, however, we believe that, as far 
as drainage is concerned, it is useless to form the bed or 
formation surfJEice of the road with a transverse slope, we 
should, nevertheless, give it the same, or nearly the same, 
form as that which we have just recommended for its upper 
finished surface ; with the object of making the two surfaces 
parallel, and so giving an equal depth of road material over 
every portion of the road. In this respect we do not agi-eo 
with some road-makers, who not only recommend a less depth 
of road materials to be put on the sides than on the center of 
the road, but further advise that an inferior description of 
material should there be employed. On this subject we 
cannot do better than quote the following remarks, which Mr. 
Hughes has made on this point, and which are very much to 
the purpose * : — ** A very common opinion is, that the depth 
of material in the center of the road should be greater than at 
the sides, but, for my part, I have never been able to 
discover why the sides of the road should be at all infenor to 
the middle in hardness and solidity. On the contrary, it 
would be a great improvement in general travelling, if 
carriages could be made to adhere more strictly to the rule of 
keeping the proper side of the road; and the reasonable 
inducement to this practice is obviously to make the sides 
equally hard and solid with the center. In many roads, even 
nvhere considerable traffic exists, the only good part of the 
road consists of about eight or ten feet in the center, the sides 
being formed with small gravel quite unfit to carry heavy 
traffic; and the consequence is, that the whole crowd of 
vehicles is forced into th€^ center ti^ack of the road ; thus at 
least doubling or trebling the wear and tear which would take 
place if the sides were, as they ought to be, equally good with 
the center. Another mischievous consequence is, that when 
it becomes necessary to repair the center of the road, the 



♦ The Fnetice of Making and BA^nxv^ 'Bft^'&>Vj ^V^\sa^"^NS!^'«.^\&%A», 
p. 12. 
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canities are driven off the only good part on to the sides ; 
which consist of weak material, and are often even dangerous 
for the passage of heavily-laden stage coaches. On the other 
hand, if equal lahour and materials be expended on the whole 
breadth of the road, it is evident that the wear and tear will 
be far more uniform ; and when any one part requires repair, 
the traffic may with safety be turned on to another part 
Hence I should alwa}'8 lay on the same depth of material all 
Over the road ; and this alone will of course render it necessary 
to curve the bed of the road." 

Too much attention cannot be paid to the drainage of 
roads, both as regards their upper surface, and that of the 
substratum on which they rest. To assist the surface drainage, 
the road should be formed with the transverse section which 
we have shown in fig. 9, and on each side of the road a ditch 
should be formed of sufficient capacity to receive all water 
which can fall upon the road, and of such a depth, and with a 
sufficient declivity, to conduct the same freely away. When 
footpaths have to be constructed on the sides of the road, a 
channel or watercourse should be formed between them, and 
small drains, formed of tiles or earthem tubes (such as are 
used for underdraining lands), should be laid, under the foot- 
path, at such a level as to take off all the water which may 
collect in this channel, and convey it into the ditch. In the 
best-constructed roads, these side channels should be paved 
with flints or pebbles ; the drains under the footpath should 
be introduced about every 60 feet, and should have the same 
inclination (viz. 1 in 80) as we recommended for the sides of 
the road, as shown in fig. 9 : a greater inclination would be 
objectionable. It is a very frequent mistake to give too great 
a fall to small drains, the only effect of which is to produce 
such a current through them as to wash away or undermine 
the ground around them, and ultimately cause their own 
destruction. When a drain is once closed by any obstruction, 
no amount of fall vMoh could be given t6 il \«o\3X^ «i^w <i\^w: 
^fie passage; while a drain, withi a consvaiew^A^ cwccwtiX. 
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through it, noold tw much more likely to be stopped from 
foreign matter being cftiried into it, ^rhich a less rapid etream 
could not have transported there. 

In the case of a Rmd whose snrbce was drained in the 
mif nhich we have just described, and whose surface was 
composed of proper materials in a compact state, very little 
water would find its way through to the substratum ; with 
some descriptions of soli, however, it would be desirable to 
adopt means for maintaining the foundation of e, road in a 
diy state; as for iastance, when the surface was a strong 
clay through which no water could percolate, or when the 
ground beneath the road was naturally of a soft, wet, or peaty 
nature. Under Such circumstances it would be desirahle to 
provids for its proper drainage, by a species of underdrainage. 
As soon as the sur&ce of the ground had been formed to the 
level intended for the reception of the road materials, trenches 
should be formed across the road, from afoot to eighteen inches 
in d^tb, and about a foot wide at the bottom, the sides being 
sloped as shown in fig. 10. The distances at which these 
dr^ns ought to be formed would depend in a great measure 
on the nature of the soil ; in the cose of a strong clay soil, or 
one naturally very wet, there should be one about every 

Fio. JO. 
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^0 feet, and this distance might be increased 
as the ground became firmer or drier. In 
these trenches, a drain not less than 4 inches 
square internally should then be formed 
either of old bricks, drain tiles, flat-stones, 
or in any other mode used for underdrains, 
and the remainder of the trench should 
be filled with coarse stones free from all 
clay or dirt, in the manner shown in fig. 
10. Of course these dizains must have a 
fall given them from the center of the 
road into tlie ditches on either side ; an 
inclination of 1 in 30 will be sufficient. 
When the road is level in the direction of 
its length, these drains should run straight 
across, but on those portions of the road 
which were inclined, the drains should be 
formed, as shown on the plan fig. 11, some* 
what in the form of a very flat v, the point 
being in the center of the road, and the 
drains making an acute angle with the line 
of the road, in the direction in which it falls; 
the amount of this angle should not be greater 
than is shown in ^g, 11. 

When a road with footpaths is underdrained 
in the manner which we have just described, 
it will not be necessary to form drains from 
the side channel under the footpath into the 
ditch, as shown in fig. 9, but merely to carry 
up a little shaft, constructed in the same 
way as the drain, from the drain to the 
channel, covering the same with a small grating 
to prevent leaves or other substances, which 
might choke the drain, being carried into it. 
Tlijs method of forming the drains is shown 
at A inng. 12. 
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CHAPTER III. 

ON THE CONSTBUGTION OF BOADS. 

We next proceed to the mode which should be pursued in 
the construction of the road itself, but before doing so, we 
must say a few words on the foundation upon which the road 
materials are to be placed. On this subject, again, a great 
difference of opinion exists. By a few, amongst whom we may 
mention Mr. M*Adam, it has been maintained that a yielding 
and soft foundation for a road is better than one which is firm 
and unyielding ; and he has gone so far as to say that he 
*' should rather prefer a soft one to a hard one," and even a 
bog, " If it was not such a bog as would not allow a man to 
walk over it." * The principles upon which this opinion was 
founded were, that the road on the soft foundation being more 
yielding or elastic, the materials of which the covering of the 
road was formed would be less likely to be crushed and worn 
away by the passage of a heavy traffic over them than when 
placed on a hard solid. The contrary opinion is, however, 
that which has received the largest number of advocates, and 
is that which we ourselves hold ; and we feel assured that 
there is no more general cause of bad roads than their being 
formed upon a soft foundation. We would most strongly urge 
the necessity of securing a firm, solid, and dry substratum for 
the road materials to rest upon ; and we are quite satisfied 
that, however good the materials themselves may be, and 
however much care may be bestowed upon the manner in 
which they are put on, unless a good foundation has been pre- 
viously prepared, the whole of the materials and labour mil 
be only thrown away. The outer surface of the road should 
be regarded merely as a covering to protect the actual work- 
ing road beneath, which latter should be sufficiently firm and 
substantial to support the whole of the traffic to which it ma.^ 

* Parliamentary B-epotl, \^\^, \. "^^^ 
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be exposed. The real use of the road materials laid over it , 
should be only to protect this actual road from beiug worn 
and injured by the horses' feet and the wheels, or from the 
action of the weather. And this lower, or suh-roady as it may 
be called, being once properly constructed, would last for ever, 
merely the outer case or covering requiring to be renewed 
from time to time, so as always to preserve a sufficient depth 
for the protection of the sub-road. 

We may very conveniently class roads, according to the 
manner in which their foundation is formed, as follows : — 

Ist. Koads having no artificial foundation, but in which the 
covering materials are laid on the ground. 

2nd. Beads having a foundation of concrete. 

3rd. Roads having a paved foundation. 
And each of these might be again divided according to 
the kind of material employed as a covering. 

The first of these classes will certainly contain by far the 
largest proportion of the roads in this country. But it should 
only be employed in cases where the importance of the road 
is not sufficient to warrant any large expenditure, and when 
the amount of traffic to be anticipated is small ; for we are 
certainly of opinion that is a very mistaken economy which 
would incur a large permanent annual outlay for repairs, to 
save in the original cost of constructing the road, and we 
are satisfied that, in this sense, a road with a paved or con- 
crete foundation will always be found less expensive than one 
formed without such a foundation. 

Where, however, circumstances may render it necessary to 

construct a road upon the natural surface of the ground, every 

care should be taken to make it as solid as possible. If the 

ground is at all of a soft or wet nature, deep ditches should 

be cut on eaxjh side of the line of the road, and cross under- 

drains should be formed in the manner already described at 

page 96. And where the ground is very soft a layer of 

faggots or brushwood, from 4 to ^ mc\iea m ^e^>(ki,^w5W 

be laid over the surface of the ground \>eiox^\a:5m%^'^^^ 
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road materials. In cases of embankments, or where the 
ground under the road has been recently deposited, the sur- 
face should be either rolled or punned, that is, beaten with 
heavy beetles, so as to ensure as great a degree of solidity as 
possible. The same mode of proceeding should be followed, 
even where it is intended to form either a payed or concrete 
foundation, for, as we before remarked, too much care cannot 
be bestowed on that part of the road. 

The employment of concrete composed of gravel and lime 
was first proposed by Mr. Thomas Hughes, and the following 
remarks upon its use are quoted from his work on roads *. 

'*The use of lime concrete, although an introduction of 
modem times, and certainly one of rather a novel character, 
derives its real origin from a very remote period. We have 
indisputable evidence that the Romans, in constructing their 
military ways, particularly in Fmnce, adopted the practice 
of forming a concrete foundation compo^d of gravel and lime, 
on which also they placed large stones as a pavement. The 
consequence of a construction so solid has been, that in many 
parts of Europe, the original bed or crust of the Eoman roads 
is not at the present day entirely worn down, even after a 
lapse of fifteen centuries. 

*'With the view of affording a modern example in which 
lime concrete has been used, I would refer to the Brixton- 
road, where a concrete composed of gravel and lime has been 
recently applied by Mr. Charles Penfold, surveyor to the 
trust In this case the proportion of gravel to lime is that of 
four to one. The lime is obtained from Merstham or Dorking, 
and before being used is thoroughly ground to powder. The 
concrete is made on the surface of the road, and great care 
taken, when the water is added, that every particle of the 
lime is properly slacked and saturated. The bed of concrete 
having been spread to the depth of 6 inches over the half 
breadth of the road, the surface is then covered over with 
6 iBches of good hard gravel ot XiioVsvi ^\jc!reL^^«».\'5ss>5^^^52'^ 
* The Practice of Haking «a^'afe^fi»%^ferf».^^^^» ^*^* 

¥ Si. 
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is laid on in two courses, of 3 inches at a time, the first course 
being frequently laid on a few hours after the concrete has 
been placed in the road. The carriages, however, are not on 
any account allowed to pass over it until the concrete has 
become sufficiently hard and solid to carry the traffic without 
suffering the road material to sink and be pressed into the 
body of concrete. On the other hand, the covering of gravel 
is always laid on before the concrete has become quite hard, 
in order to admit of a more perfect binding and junction be- 
tween the two beds than would take place if the concrete were 
suffered to become hard before lapng on the first covering. The 
beneficial effect arising from the practice of laying on the gravel 
exactly at the proper time is, that the lower stones, pressed 
by their own weight, and by those above them, sink partially 
into the concrete, and thus remain fixed in a matrix, from 
which they could not easily be dislodged. The lower pebbles 
being thus fixed, ofid their rolling motion consequently 
prevented, an immediate tendency to bind is communicated 
to the rest of the material — a fact which must be evident, if 
we consider that the state called binding, or rather that 
produced by the binding, is nothing more than the solidity 
arising from the complete fixing and wedging of every part of 
the covering, so that the pebbles no longer possess the power 
of moving about and rubbing against each other. It is found 
that, in a very few days after the first layer has been run 
upon, the other, or top covering, may be applied ; and, shortly 
afterwards, the concrete, and the whole body of road material, 
becomes perfectly solid from top to bottom. The contrast 
thus presented to the length of time and trouble required to 
effect the binding of road materials where the whole mass is 
laid on loose, is alone a very strong recommendation in favour 
of the concrete. 

" The experiment of using concrete on the Brixton-road, 
although not at present on a very extensive scale, has been 
tried under circumstances xery iwc ixoto. \i^\TL% \«:<^w5xsM^<5k^ 
and on a part of the road viTaicb. laad YaOafexVo \i«^^^ ^^^t^ 
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attempt to make it solid. Since the concrete has been laid 
down, however, there is not a firmer piece of road in the 
whole trust; and from the success of this and other trials 
made by Mr. Penfold, but which I have not seen, I believe it 
is his intention to recommend it, in a general and extensive 
way, to several trusts under whom he acts." 

Mr. Penfold, himself, states the result of an experiment 
made by him upon the Walworth-road. " It was raised by 
nine inches of concrete, and six of granite, and Kentish rag- 
stone mixed ; and in some parts it was covered by rag and 
flints. The improvement is so great, with respect to the 
draught, and so desirable with respect to the saving in the 
annual repair, that the trust have directed it to be applied to 
upwards of two miles of road upon which the greatest traffic 
exists."* 

One of the principal advantages attending the employment 
of concrete as a foundation for roads is, that in this manner a 
good and solid road may be made with materials, such as 
round pebbly gravel, which, in any other mode of application, 
would be but very ill-suited to the purpose, and would form a 
very imperfect road. And this description of gravel is that 
which is by far the most frequently met with. The gravel 
selected for this purpose should be free from any kind of 
dirt, clay, or other impurity, and should consist of stones and 
sand, mixed in about such proportions that the latter would 
just fill the interstices of the former. The gravel should then 
be mixed with the proper quantity of ground unslacked lime, 
in ordinary cases five or six parts of gravel and one of lime 
will be found to answer ; after which, sufficient water being 
added to effect the slacking of the lime, the whole should be 
quickly, but thoroughly, mixed up, and then immediately 
thrown into place, and trimmed off at once to the proper form 
intended to be given to its upper surfsice ; the first layer of 

* A Practical Treatise on ihe Wt l&o^« ^>iU»iKssi%«DL\'^^'^scfc^^ 
bjr Cbarlea Penfold^ p. 81. 
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broken stones, or screened gravel, as the case may be, should 
then, as Mr. Hughes directs, be put over just at that period 
when the concrete is about to set, and which time a very few 
trials will suffice to determine. 

The other mode of forming an artificial foundation to which 
we have alluded, was introduced by Mr. Telford, and consists 
in forming a rough pavement on the top of the formation 
surface, which is afterwards covered by the road materials. 
The following is an extract from one of Mr. Telford's specifi- 
cations for a portion of the Holyhead-road : — " Upon the 
level bed prepared for the road materials, a bottom course, or 
layer of stones, is to be set by hand, in form of a close firm 
pavement ; the stones set in the middle of the road are to be 
7 inches in depth : at 9 feet from the center, 5 inches ; at 
12 from the center, 4 inches; and at 15 feet, 3 inches. 
' They are to be set on their broadest edges lengthwise across 
the road, and the breadth of the upper edge is not to exceed 
4 inches in any case. All the irregularities of the upper part 
of the said pavement are to be broken off by the hammer, and 
all the interstices to be filled with stone chips, firmly wedged 
or packed by hand, with a light hammer ; so that when the 
whole pavement is finished, there shall be a convexity of 4 
inches in the breadth of 15 feet from the center."* 

The stone which Telford employed for this purpose, was 
generally such as would have been totally unfit for most other 
purposes, both on account of its inferior quality, and from 
the smallness of its dimensions. 

In comparing the relative merits of these two methods of 
forming the foundations of roads, due regard must be had to 
the nature of the materials found in the locality in which the 
road has to be formed. Where stone is plentiful, and easily 
procured, the paved foundation would be the best ; while, in 
a neighbourhood where stone was scarce, but gravel and lime 
abundant, the preference must be given to the concrete 
foundathu. 

* Sir H. ParaeU on lUwAs, ^. \^^. 
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The foondatioii of the road having been prepared, in either 
of the modes which we have described, the next proceeding it 
to form a firm and compact covering to protect the foundation 
from being injured, and to form a smooth surfoce for carriages 
to travel upon. Now, in order to fulfil this double office 
efficiently, the materials of whidi this covering is composed 
should possess the property of becoming quickly united into 
one solid mass, whose surfoce should be smooth and hard, and, 
at the same time, not liable to be broken to pieces, or ground 
into dust, by the wheels or the horses' feet. All the materials 
which have been applied for this purpose belong to one of 
two kinds: either angular fragments of broken stone of 
different sorts, or gravelly pebbles more or less round; and 
it is essential to the formation of a good road that the 
distmction here pointed out be kept always clearly in view, 
because a totally different mode of proceeding must be adopted 
to form a perfect road with these two classes of material. 
The want of attention to the distinction which we here 
point out has led to much discussion and misapprehension 
upon the subject of employing clay, chalk, or other material 
as a binding upon roads. 

If the materials of which the road covering is to be formed 
are in angular masses, then no binding of any description is 
requisite ; as it is found that they quickly become united by 
dovetailing, as it were, amongst each other, and that in a 
much firmer manner than they would become by the use of 
any kind of artificial cement. 

When, however, the stones, instead of being angular, are 
round and pebbly^ like gravel stones, it then becomes necessary 
to mix ^ith them just sufficient foreign matter, of a binding 
nature, as will serve to fiU up the interstices between the 
stones, which otherwise would roll about and prevent the road 
from becoming solid. 

We have then two methods of cementing or solidifying 
the Buifaoe of a road : one, b^ lYi^ TMkv3cL«xi\R»i \^tssk ^ "^siSk 
materials themselvea fdrming a «^g\«^ c?lVs«i^\ *^s^ ^^^^ 
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by the use of some cementing or binding matter. And in 
comparing the relative merits of the two, the preference must 
certainly be given to the former, that in which the stones are 
caused to unite from their dovetail form, without the use of 
any cementing material. The principal reason for giving 
this preference is, that roads formed with stones so united, 
are not affected materially by wet or frosty weather ; whereas, 
those whose surfaces are composed of pebbly stones united by 
some cementing material become loose and rotten under 
such circumstances, from the cementing material becoming 
softened by the wet, and reduced to a loose pulverulent state 
by subsequent frost. 

The first method, that of forming the road covering entirely 
with angular pieces of stone, without any other material, was 
first strongly recommended by Mr. M'Adam, and all subse- 
quent experience has shown its superiority over every other 
which has been employed. The most important quality in 
stone for road- making is toughness; mere hardness without 
toughness is of no use, as such stone becomes rapidly reduced 
to powder by the action of the wheels. Those stones which 
have been found to answer this purpose best are the whin- 
stones, basalts, granites, and beach pebbles. The softer 
descriptions of stone, such as the sandstones, are not fitted for 
this purpose, being far too weak to resist the crushing action 
of the wheels. The harder and more compact limestones 
may be employed ; but, generally speaking, the limestones are 
to be avoided, in consequence of their great affinity for water, 
which causes them, in frosty weather, which has been preceded 
by wet, to split up into a pulverulent state, and destroys the 
solidity of the road. 

Next in importance to the quality of the stone is its pro- 
per preparation ; this consists in reducing it to angular frag- 
ments of such a size that they will pass freely through a ring 
of 2^ inches in diameter in every direction ; that is, that their 
largest dimenaioua shall not exceed. t\ia\. isie^kawte, TV^fc ^^araft^ 
iavhjgbeen thus prepared, Bliould1ixe\i>iQ e^^x^^j «^x«aa. w«t 
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the surface prepared for the foundation of the road, to the 
depth of about 6 inches ; and the road should then be opened 
for trafiSc. In Mr. Telford's specifications, he usually directed 
that on the top of this coating of broken stone a layer of good 
clean gravel, about an inch and a half in depth, should be 
spread before throwing the road open for use. The reason 
for this practice was, to lessen the extreme unevenness of the 
surface and to render the road more pletisant to pass over 
when first opened ; it would be better, however, for the public 
to put up with the temporary inconvenience of a rough road, 
because the gravel does a permanent injury to the road, and 
lessens in a considerable degree the property which the stones 
possess of uniting into a compact solid mass. 

Broken stone, being so superior to gravel for the purpose 
of road-making, should always be employed where it can be 
easily obtained. There are, however, many situations in 
which gravel is the only available material. The quality of 
gravel varies so considerably, that while some kinds may, 
when properly prepared, form a very excellent road, others 
may be entirely worthless ; of this last are those kinds of 
gravel the stones composing which are of the sandstones 
and flints, for even these last, although hard, are so exces- 
sively brittle as to be immediately crushed by the passing of 
the wheels over them. The gravel when taken from the pit 
should be passed over a screen which will allow all stones 
less than three quarters of an inch to pass through it, and 
the fine stuff, or hoggin^ as it is technically termed, thus ob- 
tained, should be reserved for forming the footpaths ; the re- 
mainder, which has not passed through the screen, should 
have all the stones whose greatest dimension is more than 2| 
inches removed and broken, and it would be desirable that 
these broken stones should be reserved for the upper layer. 
In screening the gravel, especially as it first comes out of the 
pit, a certain portion of loam will generally be found to adhere 
to the stones, and this slaonVd. \)^ TiCi \Skfiaxs&\i^ ssw^^ss^i^^^sss'jfi^ 
them, for, as we have already T[i«CL\i<«i<^'^^ ^SiiSs^^N^s^ ^»j| 
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bMken Btones require no extraneous substance to cause them 
to bind, the case is dififerent with the pebbles, of which most 
grayel is composed, which require a certain amount of loam, 
clay, or chalk, to fill up the interstices between the stones, 
and prevent them from being rolled about, as they otherwise 
would be. On this subject, Mr. Hughes has made some ob- 
servations so much to the purpose that we cannot do better 
than quote them*: — ** In laying on this upper covering many 
surveyors commit a great error in not making a distinct dif- 
ference between angular or broken stones and those rounded 
smooth pebbles of which gravel is usually composed. The 
former cannot be too well cleaned before being laid on the 
road, because, even when entirely divested of all earthy matter, 
they soon become wedged and bound closely together when 
the pressure of carriages comes upon them. But the case is 
different with the smooth round surfaces of gravel ; for if 
this material be entirely cleaned by means of washing and 
repeated siftings, the pebbles will never bind, until in a great 
measure they become ground and worn down by the constant 
pressure and rubbing against each other. Before this takes 
place the surface of the road must be considerably weakened, 
and will in fact be incapable of supporting the pressure of 
heavy wheels, which consequently sink into it, and meet with 
considerable resistance to their progress. Under these cir- 
cumstances, it seems that the practice of too scrupulously 
cleaning the rounded pebbles of gravel must be decidedly 
condemned; and the question then arises, to what extent 
should the cleaning process be dispensed with ; or, in other 
words, what proportion of the binding material found in the 
rough gravel, as taken out of the pit, should be allowed to 
remain in the mass intended to be placed on the road ? * * * 
A long course of experience, accompanied by attentive ob- 
servations on these details in the practice of road-making, has 
convinced me that it is much better and safer, as a general 

* The Practice of Making and 'BLe^iiiTtft'^Q^^**^-'^^* 
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rule, to leave too much of the binding material in the gravel 
than to divest it too completely of this substance. When the 
gravel is placed on a road without being sufficiently cleaned, 
the constant wear and tear, aided by the occurrence of wet 
vreather, causes the harder material or actual gravel to be 
pressed close together; and the surplus of soft binding 
material remaining after the interstices between the pebbles 
are filled up being then forced to the top, and usually mixed 
with vrater, becomes mud, and according to the usual practice 
should be scraped to the sides of the road. When this has 
been done, the surface is usually firm and solid ; because the 
hard gravel below the mud has become perfectly bound, with* 
out, at the same time, being broken or ground to pieces. 
Suppose, next, a road covered with gravel too much cleaned, 
where it is evident that the destruction of the gravel will con- 
tinue until it becomes broken into angular pieces, and a 
sufficient quantity of pulverised material has been formed to 
hold the stones in their places and thus to effect the binding 
of the mass. I need hardly say, that the deterioration thus 
occasioned to the road is an evil of much more importance, 
aud one much more to be avoided, than that occasioned by 
employing stones not sufficiently cleaned. Begardless of all 
this, however, it is the practice of many road-surveyors to 
insist that all gravel of whatever quality slmll be rendered 
perfectly clean by repeated siftings, and even by washing, until 
it becomes entirely divested of all that may properly be con-» 
sidered the binding part of the material." 

The gravel, when thus prepared by screening, should be 
laid on and spread to a uniform depth of not more than 
inches over the whole road, which may then be thrown open 
to the use of the public ; particular care and attention, how- 
ever, is required to be given to new roads when first opened 
for traffic ; a sufficient number of men should be employed to 
keep every rut raked in the moment it appears, and guards 
or fenders should be placed oivtYift tci^^Xo 0^'^*^^^^^^^^'*' 
to pass over every part oi ita »\3irf»ft^ VaXxxKv, ^ •^s^sftRfc''^'^ 
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cautions are not taken, years may elapse before the road 
attains a firm condition; and many roads have been per- 
manently ruined through the want of proper attention when 
first used. When ruts are once formed, erery succeeding 
vehicle using the road keeps in the same track, deepening and 
increasing the rut, which in wet weather becomes filled with 
water, which, having no other means of escape, slowly pene- 
trates the sides and bottom of the rut, rendering them so 
soft as to be still further acted upon by each succeeding car- 
riage. These ruts once formed, a much larger outlay is re- 
quired to repair the injury than would have prevented its 
occurrence, besides the inconvenience, danger, and expense to 
the public, in being obliged to travel on a road when in such 
a condition. 

Amongst the substances which we mentioned might be 
mixed with clean gravel to enable it to bind was chalk. Now 
we think it necessary to say a few words on the use of chalk 
on roads, as much misapprehension exists on the subject, and 
many roads have been ruined from its improper use. There 
are two modes in which chalk may be advantageously em- 
ployed in the construction of roads. It may be laid in the 
very bottom of the road, to form the foundation ; but it must 
be at stich a depth as to be entirely beyond the influence of frost, 
otherwise it will quickly destroy the road, for chalk has a very 
powerful affinity for water, or rather, to speak more correctly, 
capillary attraction for it, in consequence of which it readily 
absorbs all the moisture which finds its way through the road 
covering ; and herein consists its value if judiciously applied, 
for the water thus absorbed would otherwise have penetrated 
to the foundation of the road and rendered it soft. If, how- 
ever, the chalk be placed within the influence of frost, the 
water, which is only mechanically held by the chalk, will, in 
the act of congealing, expand, and by so doing rend the chalk 
into a thousand fragments, and reduce it in fact to a pulve- 
rulent state, which the succeeding tlicia^ c^atv^^^ VeXa ^ ^ft 
'^aste or mud. The other purpoa© ioxviXiiOQ. el!asK». xssKjXiR^ 
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employed is, as we have already mentioned, to be mixed with 
gravel in order to make it bind ; in using chalk, however, for 
this purpose, it should be borne in mind that it is only re- 
quired when the gravel is perfectly clean and free from other 
binding matter ; the mixing it with gravel already containing 
sufficient clay or loam is not only useless, but is positively 
injurious ; and, even when the gravel is of such a nature as 
to require being mixed with chalk, great care should be taken 
not to add too much, for it is not with chalk as with tho loam 
or clay, with which gravel is naturally combined ; the latter, 
generally speaking, possesses little power of absorbing water, 
but the superabundant chalk would soon be reduced to the 
state of a soft paste by the action of the weather, in the man- 
ner which we have just described. Chalk, therefore, if used 
as a binding material with gravel on the surface of roads, 
ihould he reduced to a state of powder , and shouLd he perfectly 
and thoroughly mixed with the gravel hefore the latter is spread 
on the road. 

We would also remark here, that, although we have re- 
commended the use of bushes or bundles of faggots, to form 
the foundation of roads over very soft or boggy ground, they 
should only be employed in such situations, and at such a 
depth below the surfsu^e, as will ensure their always being 
damp; for when in a situation where they would be alter- 
nately wet and dry, they would quickly become rotten, and 
form a soft stratum beneath the road. 
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CHAPTER IV. 

ON REPAIRING AND IMPROVING EXISTING ROADS. 

The improvement of existiiig roads maj be divided into two 
distinct branches ; namely, the improvement of their general 
course and levels, and the improvement of the materials of 
the road. The first of these consists in the application of the 
principles which we have laid down for the construction of 
new roads to the altering of those already existing, and 
consists generally in straightening their coui^se by avoiding 
unnecessary curves and bends; improving their levels by 
either avoiding or cutting down hills, and embanking valle3nB ; 
increasing their width, where requisite, and rendering it 
uniform throughout.* As these principles are the same in 
both cases, and their application has been already explained 
at length, it will be unnecessary to recapitulate them here. 

It is to the second class of improvements that we are about 
to direct attention ; namely, that of the surface of the road ; 
and this consists in bringing its transverse section to the form 
' which we have shown in fig. 9, page 91, filling up all ruts, 
cleansing and deepening, if necessary, the side ditches, cutting 
down trees or hedges by the side of the road, removing mud- 
banks which but too often exist on the road-sides, and putting 
proper materials on its surface. 

Of all these, the most important to explain, because the 
most difficult to effect, and the least generally undei'stood, is 
the method by which to improve the condition of the surface 
of the road. With most surveyors the univeraal remedy for 
a bad road is to heap on fresh material; whereas, as Mr. 
M*Adam has very justly observed *, " Generally, the roads of 
the kingdom contain a supply of materials sufficient for their 
use for several years, if they were properly lifted and applied." 

* Parliamentary Hepott, lft\9, ^. 1\. 
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Generally speaking, the cause of bad roads is their imperfect 

transverse fom, and the improper manner in which the road 

materials are used. The remedial measares to be adopted 

mnst, in a great degree, depend upon the natare of the 

materials composing the upper sur&ce of the road; but, 

whatever these maj^ be, the road must be brought to the 

proper f<mn of section before much improvement can 1^ 

expected. This should be done by cutting down those parts 

which are too hi^ and raising the depressed parts ; where, 

however, the snrfMre of the road is so rotten or brittle that 

the materials so taken off are not fit to be again used this 

may be done gradually, and rather by the addition of fresh 

material to the lowest parts. Unless the materials of which 

the road has been formed are found to be thus brittle or 

rotten, or to be already veiy thin, the course to be pursued is 

that wfaidi is technically termed U/iinj the road, which 

eonsists in loosening and turning the surface of the road to a 

depth of about 4 inches, and car^nlly removing such portions 

of the materials as may be found in an improper state ; such 

as Isrgo stones, idiich should be broken into pieces of the 

proper dimensions, and then restored to the nxuL Where, 

however, the maieiials of the road are of such a nature that 

in lifting they would crumble or fall to powder, a different 

mode of p m cc cd ing must bo adopted ; in th» case we nmst 

carefully cleanse the snrftce of the r^aA from all mud and 

dirt, after which fresh material, prepared as we have 

described in the preceding chif4er, should 1j« laid on in a 

very thin eoflt, n^ter exceeding at one time three inches, and 

under ofdinaiy c ifmnw ta nn w not more than two inches in 

tlri ^l^n#<Mi- WlMte the lasihee of a road, althcojdi hard, is 

found to be very this, instead fA lifting the old materials, is 

win be Tefomte to add a finesh cost, pre c afaio ry to ^oiatg 

whidi it would be well just to loosen the ^urfive of the mi 

with a pick, so that the riew materia mj c^ccoie zscts 

jayidlf iiMfwaied with the di ro^L 

The bett uwae of tb^ year far -vs^bx^e^ jrsiis^ '^sx 
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autamn, when the roads are in a vret state, as the depressed and 
soft parts of the road are not only then more readily detected, 
but the surface of the road is then softer, and the new 
materials are more easily worked into it. As we before 
observed, the quantity laid on at one time should neyer 
exceed three inches in depth, and, generally speaking, a half, 
or even a third, of this thickness would suffice, if judiciously 
employed. It is certain that more roads are spoilt from 
having too much material put upon them than there are from 
having too little. On this subject Mr. Penfold, whose ex- 
perience in road-making cannot be questioned, remarks, — 
** It is one of the greatest mistakes in road-making that can 
be committed to lay on thick coats of materials, and, when 
understood, will be no longer resorted to. If there be sub- 
stance enough already in the road, and which, indeed, should 
always be carefully kept up, it will never be right to put on 
more than a stone's thickness at a time. A cubic yard, nicely 
prepared and broken, as before described, to a rod superficial 
will be quite enough for a coat, and, if accurately noticed, 
will be found to last as long as double the quantity put on 
unprepared and in thick layers. There is no grinding to 
pieces when so applied; the angles are preserved, and the 
material is out of sight and incorporated in a very little 
time. Each stone becomes fixed directly, and keeps its place ; 
thereby escaping the wear and fretting which occur in the 
other case."* 

We have mentioned above, that the most proper time for 
repairing roads is in the autumn ; it must not, however, be 
supposed that it is only at this season that roads require to be 
repaired ; they should, so to speak, be always under repair : 
every road should be divided into lengths, on each of which an 
intelligent labourer, who thoroughly understands his business, 
should be placed, to attend constantly and at all times to the 

* A Practical Treatise on tbe beat liode o( IfLakkv^^vckii BAigBkia^ Boads, 
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proper state of the road, and for vhich be should be respon- 
sible. His office would consist in keeping the road always 
scraped dean and free from mud, in filling in any ruts or 
hoUow places, the moment they appeared, with broken stones, 
which should be kept in depots or recesses formed on the 
sides of the road, and one of which should be provided 
in each quarter of a mile*. Each man should be pro- 
yided with a wheelbarrow, a shovel, a pickaxe, and a 
scraper; each of these, and the other tools and implements 
requisite for the formation or repair of roads, will be hereafter 
described. As the autumn approached, when more had to be 
done to the road, additional labourers should be engaged to 
assist ; but the constant labourers would be alone responsible 
for the good order of the road, and the others would act under 
their direction. 

It might be supposed that the system here proposed, of 
keeping men constantly and permanently to look after the 
roads, would be attended with great and unnecessary expense ; 
but this opinion will not be held by those who have tried the 
two methods ; it will be found in this, as in most other cases, 
that the old adage is true, which asserts that ** prevention is 
better than cure ; " it is vastly cheaper to prevent a road from 
getting out of repair than it is to restore it again to a 
proper state. 

Not only should the mud formed in wet weather be care- 
fully scraped off from its surface to the sides, and removed 
altogether as soon as it becomes sufficiently solid, but in dry 
weather the roads should be constantly and regularly watered. 
In recommending this, we are not considering the comfort of 
passengers using the road, although that alone would be a 
soffioient reason, but on account of the road itself. After a 
long season of drought, the surface of roads becomes, as it 
were, baked ; and in this state, being brittle, would quickly 

* Tkeie dcpdts fboald be capable of contaiDiDg ab<rat 30 cubic yardf of 
lattUM, aad Mte beft when the ndet wra lonnn^ ^l^^&i '«i&&&, tA \Va^ ^^ 
gmrtftEf oiwmtaM in them can be eani^f MKaXKOM^. 
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be injured and worn to dust by constant traffic ; a regular and 
moderate supply of water, however, entirely obviates this, and 
preserves the road in a proper state. Care should, however, 
be taken that the water is properly applied, as much ii\|ury 
might be done by disdiarging the water, either in too great 
quantity, or not evenly distributed ; the manner in which the 
water should be poured upon the road should resemble, as 
nearly as possible, a gentle shower of rain. The system of 
watering roads in particular states, even in winter, has been 
practised with advantage, as the following extract from the 
evidence'of Mr. Benjamin Farey, surveyor of the Whiteohapel- 
road, before the Committee of the House of Commons, will 
show : — *' The wheels stick to the materials, in certain states 
of the road, in spring and autumn, when it is between wet 
and dry, particularly in heavy foggy weather,. and. after a frost; 
by which sticking of the wheels the Whitechapel-road is 
often, in a short time, dreadfully torn and loosened up ; and 
it is for remedying this evil that I have, for more than eight 
years past, occasionally watered the road in winter. As soon 
as the sticking and tearing up of the materials is observed to 
have commenced, several water-carts are employed upon these 
parts of the road, to wet the loamy and glutinous matters so 
much that they will no longer adhere to the tire of the wheels, 
and to allow the wheels and feet of the horses to force down 
and again fasten the gravel-stones ; the traffic, in the course of 
four to twenty hours after watering, forms such a sludge on 
the surface as can be easily raked off by wooden scrapers, 
which is performed as quickly as possible ; after which, the 
road is hard and smooth : the advantages of tliis practice of 
occasional winter-watering have been great ; and it might, I 
am of opinion, be adopted with like advantages on the other 
entrances into London, or wherever else the traffic is great, 
and the gravel-stones are at times observed to be torn up by 
the sticking of the wheels."* 

* Parliamentary B«pott, \^\^, ^. ^^. 
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We shall next proceed to a description of the tools or im 
plements employed in the construction and repair of roads. 
The most important of these is the level used for forming the 
true transverse section of the road. It is shown in figure 13, 
and consists of a horizontal straightedge or bar a g, having in 
the center of its length a plummet b d, for ascertaining when 
the straightedge is horizontal, Thus far it ex- 
actly resembles an ordinary bricklayer's level. A ^^^' ^^' 
line is drawn near the end a of the bar, and at every 
four feet from this line a gauge (a, b, c, d) is fixed in 
a dovetailed groove, in such a way as to be capable 
of being moved up or down, so as to adjust the 
depth of its lower end below the horizontal line 
of the bottom of the straightedge ; and there are 
thumb screws (one of which is shown on an en- 
larged scale in figure 14) passing through each 
gauge, by tightening which the gauge can be fixed 
when so adjusted. When the bottoms of the gauges 
a, hf c, and d, have been adjusted as shown in ^g. 13 
they will coincide with the surface recommended 
to be given to a road 30 feet in width, and such 
as we have shown in fig. 9 ; and, in order to ascertain whether 
the surface of any existing road is constructed to the pro- 
per inclination and form, it is only requisite to apply the 
level, which, when placed perfectly horizontal, by means 
of the plummet b d, should rest upon the road at the 

Fig. 15. 




Inclination, D 1 in 30. 
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lower eztremitr of each of the gangee a, b, c, and d. For 
forming the Bidee of roads of greater width than 90 feet it 
would be convenient to lutve a level conBtructed in the manner 
ahown in fig. 15, in which ab is a strtughtedge about 16 
feet long, having in the center of its length a plnmmet c D, so 
adjusted that, when hanging truly in its place, the lower side 
of the straightedge Bhould be inclined from a horizontal line 
at the rate of 1 in 30. 

The pick used for lifting the Bur&ce of roads Fia. 16. 
is shown in fig. 16, The bent iron head ab 
should weigh abont ' ten pounds, having a 
large eye in the center (c), in which is fitted 
the handle, which should be of ash, rather 
more than two feet in length ; one extremit; a 
should be formed like the end of a chisel, while 
the other b should lerminate in a blunt point. 
Both ends should be tipped with steel. 

The most useful form of ihorel for road pur- 
poBea is shown in fig. 17. The blade should Fro. 17. 
be somewhat pointed, and the handle bent, so 
as to enable the person using it to bring the 
blade flat upon the snilace of the road withoat 
excessive stooping. 

The ordinary Kludharrmct are of ash or elm, 
with cast-iron wheeb ; but it would be an ad- 
vanti^ if wheelbarrowB for road purposes were 
made of wrot^t iron, which wonld combine 
streugth and durability with lightness. Of 
whatever material, however, they are con- 
structed, they shoatd not exceed nine inches 
in depth, and their indes should be splayed 
with a slope of 2 to 1 . It would be also veiy 
desinble to hare hooks placed on their sides 
to receive a sfaovel and pick. 

The acreau, or rieta, em(\orjeJL for le^ 
ntiag Ae coune gmel tem Om \a^ff\ m 
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small gravel, coDsist of iron wires or slender rods, placed 
at equal distances apart, and fixed in a frame of wood, 
the sides of which are raised about five inches above 
the plane of the wires. In the screens the frames are 
rectangular, about 6 feet 6 inches in height and 3 feet wide, 
and the wires are stretched in the direction of its length at 
distances varying from half an inch to an inch and a quarter, 
according to the size of the stone required ; and these wires 
are kept in place by others crossing them at intervals of five 
or six inches. When used, they are placed so that the plane 
of the wires is inclined about 30° from the upright, and the 
gravel to be screened being dashed or thrown forcibly against 
them, the finer particles pass through and Ml on the further 
side of the screen, while the large stones roll down its ^surface 
and fall on the nearest side. The sieves are somewhat dif- 
ferent in form, the frame being circular, forming a cylinder 
about 6 inches in depth and 20 inches in diameter, the wires 
being placed either as we have already described or equally 
close in both directions, and forming a kind of bottom to the 
cylinder. The sieve is held horizontally by one man, while 
the other throws into it a shovelful of gravel ; upon shaking 
the sieve the fine hoggin falls through, leaving the stones in 
the sieve, which are then thrown by the man into anything 
which may be placed to receive them. The latter is generally 
the best and cheapest mode of screening gravel. 

The hammers generally employed for breaking stones are 
of two sizes, and are shown in figs. 18 and 19. The 
handles should be of straightrgrained ash, and the iron heads 
of the weight and form shown in the drawings; the faces 
should be spherical, and case hardened or steeled. 

Fig. 20 represents the ring to be used for testing the 
size of the broken stones. Its internal diameter is 2^ inches, 
and the largest stones should be able to be passed through 
the ring in every direction. 

-B^. 21 represents a pronged, /ork, \o \ift \3ia^ \»aX«aA. <i€ 
shovel for taking, up tbe atonea to Oato^ xv^xl \5dl^ xq»^. 
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The advantages attending its use are, that a man can take up 
the stones much quicker and easier than with a shovel, and 
free from all dirt and extraneous matter, which, in the case of 
broken angular stones, is of importance. 

It is sometimes advantageous to roll the surface of new 
roads, in order to consolidate the material, and for this purpose 
a cast-iron roller is usually employed, about five feet wide, four 
feet in diameter, and weighing about four tons. 

The rakes, which should be employed in filling in ruts and 
hollow places in the surface of roads, should be formed with 
prongs between 2 and 3 inches in length, fixed at the distance 
of three-quarters of an inch apart, into a wooden head about 
11 inches in length. Their handles should be formed of ash, 
and should be about six feet in length. 

Scrapers are indispensable for preserving roads in a proper 
state and free from mud. They are usually constructed of 
wood shod with wrought iron, but it is much better to make 
them entirely of iron. They should be 6 inches in depth, 
and about 18 inches in length, and slightly curved at each 
extremity to prevent the escape of the mud at each side. 

Scraping machines have been invented, and are very 
generally employed, by' means of which the surface of a road 
may be scraped much more regularly and quickly than with 
the old scrapers. They consist of a number of iron scrapers, 
attached to a frame mounted on wheels, which are so placed 
that, when the body of the machine is raised somewhat, the 
wheels are lifted from the ground, and the whole weight of the 
machine is thrown upon the scrapers, which, upon the machine 
being drawn across the road, scrape all the mud from its sur- 
face and carry it to the sides. 

A machine has also been invented by Mr. Whitworth, of 

Manchester, which has been extensively employed both at 

that place and in London, for sweeping up the mud from the 

roads and carrying it away at once. It consists of a species of 

endless ibroom, passing round roWex^ «.\.\Aj(^•^\\lC)%.\£l;sA<iaxt^ 

^iod 80 connected by cogged ^\iee\a 'sg^ ^5d^^ ^V^^^ ^1 ^^ 
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cart that, when the latter is drawn forwards, the broom is 
caused to revolve, and sweeps the mud from the surface of the 
road up an inclined plane into the cart. The machiHe is 
drawn bj one horse ; and by its aid the roads are swept much 
more rapidly and better than by the old system of scraping, 
and with far less injury to the surface of the road and annoy- 
ance to the passengers. 



CHAPTER V. 

ON HEDGES AND FENCES. 

In most situations fences of some description are required to 
mark the boundaries of roads, and separate them from the 
adjoining lands. They should, however, always be dispensed 
with wherever it is possible to do so, for the reason, that all 
fences, of whatever kind, to a greater or less extent deprive 
the sur£Bce of the road of a free exposure to the action of the 
wind and sunshine, both of which are essential to maintain 
it in a dry state. Few persons are aware of the extent to 
which a rood may be injured by being fenced in with hi^ 
hedges, or lined with trees ; the latter are worse even than 
hedges, because they not only shelter the road from the effects 
of the air and sun, but further injure it by the drippings of 
rain which faU from their leaves, and retain the rood in a wet 
state long after it would otherwise have become dry. 

Where fences are indispensable, they should therefore be 
kept as low as possible, and thrown as &r as they can he from 
the sides of the road. When the road has a deep ditch oa 
either side, it then becomes necessary, to prevent aoddests, 
that the fence should be placed between the road and the 
ditch; hat in all other situations the fence should be plaeed 
on the fidd side of the ditch; issi thfc dooilEAfe 
JO dtmg the mabee dndnage ot lihe tmA. 'xEte ^^eifc 
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is less interfered with, and that the road is then not ao much 
sheltered hj the fence itself. 

The different descriptions of fence which may he employed 
are yerj yarious; in districts where stone is plentiful, and 
especiaUj in the immediate neighhourhood of the quarriesi 
where stone ruhble can be obtained at a trifling cost, dry 
walls built of this description of stone, without any mortar# 
are very good and cheap, and when once built require little 
or no repairing. 

As far as the road itself is concerned, an open post and 
rail fence is the best which c^n be employed, because it 
scarcely impedes the action of the wind and sun upon the 
surflEu^e of the road; but the great practical objection to a 
timber fence of any description is its liability to decay, which 
occasions a frequent and constant expense to be incuired in 
its renewal. 

The most general, and all things considered, the most 
useful, fence is the quickset hedge ; and if properly planted, 
and carefully attended to for the first few years, a natural 
fence may thus be obtained, sufficienUy strong to rei^t the 
efforts of every description of eattie to get through it, and to 
maintain which but a very small annual sum wiU be requisite. 
A bank or mound of earth, at least two feet in depth, should 
be prepared for the reception of the quicks, which should be 
three-years plants which have been transplanted two years. 
The best desoription of soil is one of a light aandy nature, 
which will admit sufficient moisture to nourish the plants, 
and retain a portion even in dry seasons. Heavy day soils 
are not sufficiendy pemous to wator, and plants placed in 
such soils are never found to thrive. A mixture of peat or 
rotten leaves is of great use, and causes the plants to grow 
with much vigour. The most usual way is to plant the 
quicks in a single row, at distances of about four inches apart 
But a much bettor hedge is formed by planting them in a 
double row, aa shown in fig. ^%, m^ «i ^.^Sjac^ q^«i& inohea 
between the two rows, and the ]gi\asi\A ti[i^ «aaa^ ^\w^^ v^m^. 
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Fig. 23. 



in each row, and so arranged that the plants in one row aro 
opposite the spaces in the other. By this arrangement, al- 
though the plants are really not so crowded, but have more 
space round their roots from which to derive nourishment, 
they form a thicker hedge. The proper time for planting 
quicks is either during the autumn or spring, and in fine 
seasons the operation may be continued during the wholo 
winter. A temporary fence should be put up to protect the 
young plants from injury, or from having the shooti eat^n 
off by cattle; and this fence should be kept up until the 
hedge has attained sufficient strength to require its protection 
no longer, which, under favourable circumstances, will be in 
about three or four years after the quicks liave been planted* 
In order that the plants should thrive, they mu«t be very 
carefully attended to at first, and it is essential tliat iiufy 
should be properly cleaned and weeded at lesj^t twj^ every 
year; and once eveiy year, towards the Cfmclvmvm <A iii^ 
summer, the hedge should be judic-i/zusly trimm/esd, n^i to 
such an extent as to prodw:e stunted phtfits, Uit tMnr^if 
cutting of the upper and more strs^ing i^h<x;ts, n^j as V/ 
bring it to a level and even «mri)Hce ; by prvx>e>^jAj|^ )u lim 
manner, in aboot three jean aft^ plwtin^ a tMOLi, ^ut^ 
and compael bedge «f hadiktj pla/jts will b^ *A/liaxj^. 

When die Leige ^ ^ext^^ hi phwestid betvota tLe ivui laai 
the aide dxtdbes, h » ^^Mi^ibttt] that uauJ] dxiuu l^ t/rmnA 
at least evetr ££k«s yar^, iv 'y^r^ tLe ^ntfifr fruu &$ mit 



> \ 
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Several different methods have been employed of forming 
the foundations of pavements, such as concrete and broken 
stone ; but where it can be done, it is perhaps best to lay the 
new pavement on the old surface of the road, whether paved 
or macadamised, taking care of course that its surface has 
been brought first to an even state, and of the required form 
of cross section. 

The practice of laying the new pavement on the top of the 
old has been a great deal used in Paris, and has there been 
found to answer extremely well. It is usual to take up and 
relay the old pavement, in order that its surface may be even 
and true, after which it is just covered with gravel, on which 
the new stones are bedded. Mr. Telford strongly recom- 
mended the surface upon which the pavement was intended 
to be laid to be prepared as though intended for a macadamised 
road, and, in that state, that it should be used by carriages 
until it had become thoroughly consolidated, when the pave- 
ment should be laid on the top of the hard road so formed, 
the stones being properly bedded in a kind of coarse mortar ; 
and Mr. Edgeworth, in his work on roads, states that this 
method of forming paved roads had been extensively employed 
in Dublin, and had been found to be attended with consi- 
derable success. 

In cases, however, in which it would not be practicable to 
lay the new pavement upon the surface of the existing road, 
the following method should be employed for forming a good 
foundation. The loose ground at the surface should first be 
entirely removed ; the depth to which it may be requisite to 
do this must depend upon the nature of the ground itself; un- 
less the ground be very solid, it should be removed to such 
a depth as will allow of 18 inches of concrete being put in be- 
neath the pavement. In some situations so great a thickness as 
this may not be requisite, but it is much better, and in the 
" long run " much cheaper ^ to err rather in forming too 
strong a foundation, tViwi oil^ ^<b i«^isst^ ^ -^^cs^isv -msrr^ 
tatea the taking up and te\8.yflx% ^i ^^5^ ^%?k«a^vsc^.. ^^ ^ 
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CHAPTER VI. 

ON FAYED BOADS AND 8TBEETS. 

In constnicting roads, or rather streets, through towns or 
cities, where the amoxint of traffic is considerable it will be 
found desirable to pave their surface. The advantages be- 
longing to pavements in such situations over macadamised 
roads are considerable; where the latter are exposed to an 
incessant and heavy traffic, their surface becomes rapidly 
worn, rendering constant repairs requisite, which are not only 
attended with very heavy expense, but also render the road 
very unpleasant for being travelled upon while being done ; 
they also require much more attention in the way of scraping 
or sweeping, and in raking in ruts. And some difficulty 
would be experienced in towns to find places in which the 
materials, which would be constantly wanted for repairing the 
road, could be deposited. In dry weather the macadamised 
road would always be dusty, and in wet weather it would be 
covered with mud. The only advantage which such a road 
really possesses over a pavement is the less noise produced 
by carriages in passing over it; but this advantage is veiy 
small when the pavement is properly laid. 

In laying pavements, as in forming roads, the first and one 
of the most important objects should be to obtain a firm and 
unyielding foundation. It should be borne in mind that the 
pavement itself, whatever may be its thickness, and however 
carefully and closely the stones of which it is composed may 
be fitted together, must be entirely inadequate to support the 
heavy load to which all roads are occasionally exposed ; and 
unless the foundation beneath the pavement is sufficiently 
firm to support these loads itself, the pavement will subside, 
and its surface soon become uneven. The real object of 
paving 18 nothing more than, to ^n^ lo \hft xq^ s. hard sur- 
face not so liahh to wear as it vfo\3L\3L\U^\i\iQ. 
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new psvoBBBEt CB ^die ciLi snrbop of 'die Toa^ ^t^miia' |Hn^ 
or inTaiiBiliiiiil. tikiDg ore of csmzrae diax izs «rrf>» bts 
been Imn^ht fixsl i» am eFEBL £ttte. and of ite lefidroififfiA 
Off cross HHlinn, 

The ^atsdte of Vjrmg 'Ant xwir pBremeBt <b die top of tte 
old has been a great deil vsod in Puis, aaod las liiei« been 
found to answer estrcmdj wtSL It is nsosl to tike ap and 
relaj the old parement, in order that its sar&ce maj be even 
and tme, after ahidi it is jast ooTcred with giaTd, on ahidi 
the new stones are bedded. Mr. Telfoid strotighr reoon- 
mended the sar&ee upon which the paTement was intended 
to be laid to be j^epared as though intended for a macadamised 
road, and, in that state, that it should be used bj caRiagesi 
imtQ it had become thoroagfalj consolidated, when the paTe- 
ment should be laid on the top of the hard road so formed, 
the stones being properly bedded in a kind of coarse mortar ; 
and Mr. Edgeworth, in his work on roads, states that this 
method of forming paved roads had been extensively employed 
in Dublin, and had been found to be attended with consi- 
derable success. 

In cases, however, in which it would not be practicable to 
lay the new pavement upon the surface of the existing road, 
the following method should be employed for forming a good 
foundation. The loose ground at the surface should first be 
entirely removed ; the depth to which it may be requisite to 
do this must depend upon the nature of the ground itself; un- 
less the ground be very solid, it should be removed to ilioh 
a depth as will allow of 18 inches of concrete being put iu bt* 
neath the pavement. In some situations so great a thickn#ss as 
this may not be requisite, but it is much bettor, and in ib# 
**long run** much eheapir, to err rather in forming loo 
Blxoag a foondatioD, than one the Muta <i( ^Vdti i&mimmI# 
tales liie takiDg tip and TeA«jVn% <A ^ ^^«mkX« Vi^^mi 
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as the loose ground has heen remored, a layer of oonisfete, 
prepared in the manner already descrihed at page 101, should 
be eyenly spread over the whole area of the intended road ; its 
depth, as before remarked, must depend on the natuia of the 
subsoil, and the extent of traffic to which the road will be 
exposed ; it should never, however, be less than Idinohea. and 
under ordinary circumstances, not less than 18 incdies. Its 
upper surface should be formed to the true fbrm of cross 
section intended to be given to the road, which should under 
no circumstances be greater than that already recommended 
at page 91 to be given to the surface of common roads, and 
in most cases a less inclination would be found sufficient and 
preferable. 

The stones should be well bedded upon the concrete in a 
kind of coarse mortar, which should also be well filled in 
between their joints. 

With regard to the stone to be employed for this purpose, 
several of the harder kinds are used, such as granite, whin- 
stone, limestone, and freestone ; of these two last, however, 
only the very hardest varieties should be used. Of all 
materials granite is the best, and more particularly those 
kinds, such as the Guernsey and Aberdeen, which do not 
wear smooth and acquire a polished surfiEtce, which is a great 
practical defect attending the employmiBnt of excessively bard 
stone. With regard to the form of the stones, experience has 
shown that the best is that of rectangular blocks, from 8 to 
15 inches in depth (depending on the amount and nature of 
the traffic), about 18 inches in length, and not more than 
8 or 4 inches in width. Until lately it was oonsidered 
better to have stones of much greater width, under the sup- 
position that having a larger base they would be better able 
to support the superincumbent weight, but experience has 
shown that the narrow stones are by far the best* Great 
care should be taken in sorting the stones according both to 
their depths and widths ; for \i ih^ ftloxife% «i«i t>l xxEAtososbL 
depth, and the Burfaoe of the conox^Xa \i»a\>ewjLXcaftft,^a>&. 
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down more than the ethen, and fom ' '— — ' 

hollows on the sufiiee of the road. Thej should also be 
aorted aeoording to their width, so that they maj ran entirely 
across the street in paiall^ oonrses, as shown in fig. ftS, and 
the stones in esch eoorBO shonld be so selected as to break 
joint with those in esoh adjoining ooorse, as there shown. 

It is essential to the fbrmation of a good payement that 
a firm and substantial carb should be wcdl laid on each side 
of the road, for it to abut against ; and in laying the pave- 
ment the oourses should be commenced at each side, and 
worked towards the center; the joints between the stones 
should be as thin as possible, and the last stone should fit 
tightly, so as to form a kind of key to the whole. After the 
stones haye been set they should be well rammed down with 
a heavy punner, and any stone which went down below the 
general level should be taken up, and packed underneath. 
It is not usual to go to the expense of bedding the stones in 
mortar in the manner here recommended, but only to pour a 
thin grouting of sand and lime over the surface, after the 
pavement has been laid, which finds ite way, although very 
imperfectly, into the interstices between the stones. It is, 
however, a mistaken economy, as a pavement laid as here 
described upon a firm concrete foundation* and having the 
jointo perfectly formed with good mortar, would last almost 
Ibr ever, sinoe nothing less than the positive wearing away 
and destroetion of the stone would render ite reoewd 



Some litda attention Is ne c ess ary to be given to paved 
roads fer a few monAm ulisr being opened for tutflle, in order 
to pnfweat megakr Mtttiemignim^^ 

mA ifiegnlaf toifaM. T^WMaan^vai'SF^^^*" 
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of the road is found to settle below the general level it should 
be taken up, and a sufficient quantity of fine concrete put 
underneath it to bring it again slightly above the level of the 
remainder. Great attention should also be paid to the man- 
ner in which the pavement is relaid after being disturbed for 
the repair of sewers or water and gas pipes ; the excavated 
ground, when thrown back, should be well punned, or beaten 
down in layers of not more than a foot in thickness, and at 
least 18 inches of concrete should be laid on the top, under 
the pavement ; the surface of this concrete should be about 
an inch above the general level, and the stones should be 
properly bedded in the manner already described, care being 
taken that the stones correspond in depth and width with 
those already in place on either side, and i^rtliermore that 
the last stone, in making good each course, fits tightly into 
its place. 

In laying pavement in streets having Fig. 24 

a considerable inclination, two methods 
have been employed to afiford a more 
sure and perfect hold for the horses 
feet than the ordinary pavement. The 
first method is shown in fig. 24, and 
consists in laying between each row of 

"R^Tn, OK 

paving-stones a course of slate, rather 
less than an inch in thickness, and to about the same 
extent less in depth than the stones themselves. By this 
means a series of small channels or grooves, about an inch in 
width and depth, are formed between each row of stones, 
which afford sufficient stay for the horses* feet ; this method 
has been adopted in Tooley-street, Southwark. The other 
method is somewhat simpler, and consists in merely placing 
the ordinary paving-stones somewhat canted on their beds, 
as shown in fig. 25, so as to form a series of ledges or steps, 
against which the horses* feet being planted, a secure footing 
IS obtained. 
Of late jre&rs wood has been mtro^vxc^«a %. xQaXKcvs^Vst 
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paying streets, and has been rather extensively employed 
both in Eossia and America. It has been tried in various 
parts of London, and generally with small success, the cause 
of its failure being identical with the cause of the enormous 
sums being spent annually in the repairs of the streets gene- 
rally, namely, the want of a proper foundation ; a want which 
was sooner felt with wood than with granite, in consequence 
of the less weight and inertia of the wood. The comfort re- 
sulting from the use of wooden pavement, both to those who 
travelled, and those who lived in the streets, from the di- 
minished jolting and noise, was so great, that it is just matter 
of surprise that so little care was taken in forming that which 
a very little consideration would have shown to be indispen- 
sable to its success, namely, a good foundation. Slipperiness 
of its surface, in particular states of the weather, was also 
found to be a disadvantage belonging to wooden pavement, 
but means might be devised which would render its surfiace 
at all times safe, and afford a secure footing for horses. As 
regards durability, it has scarcely been used for a sufficient 
period to allow a comparison being made with other materials, 
but from the result of some observations communicated by 
Mr. Hope to the Scottish Society of Arts, which are given by 
Mr. Leahy in a note at page 76 of his work on roads, it ap- 
pears that wooden blocks when placed with the end of the 
grain exposed, wear less than granite. At first sight this 
result might appear questionable, but it is a well-ascertained 
fact that, where wood and iron move in contact in machinery, 
the iron generally wears more rapidly than the wood, the 
reason appearing to be, that the surface of the wood soon be- 
comes covered with particles of dust and grit, which become 
partially embedded in it, and, while they serve to protect the 
wood, convert its surface into a species of file, which rapidly 
wears away whatever it rubs against. 
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CHAPTER VII. 

OH TAXING OUT QVANTITIEfl FOB B8TnCAT]B8. 

Thb openttioa of making out an ^timate for any dofloription 
of engine^rmg work may be divided into two diatiuct parta : 
namely, in the tot place, calculating the actual quantity of 
each deacription of work to be executed ; and, in the second 
place, affixing to tbe^e quantities just and reasonable prices, 
such as the work might really be executed for. 

It is only upon the first of these, namely, taking out the 
quantities, tha,t we propose to speak her^ ; not that the otbsr 
is the less important, but because it would be difficult to lay 
down any principles for pricaing workt or to fix any standard 
prices, without the probability of leading to erroneous resulta. 
The cost of different descriptions of work depends upon sp 
many varying circumstances, and is affected so greatly by 
the nature of the locality, that it would be impossible to giT0 
any standard prices. The surest method to obtain correot 
information on this matter is by inquiries as to the usual oofft 
of such work in the particular locality itselfi 

In the construction of roads, the principal item of o^)ense 
is the earthwork, or the cost of forming the cuttings and em- 
bankments to obtain the required leyels for the formation 
sur&ce, in excavating the ditches and forming the banks, and 
in laying on the metalling or ballast to form the road, Ot aU 
these different descriptions of work, the first, namely* the ou^ 
tings and embankments, are the only ones the estimatkm of 
the quantity of which is attended with any difficulty. The 
others, being generally constant, are readily obtained by ascer- 
taining the quantity in a given length, as a yard, and then 
multiplying that quantity by the total length of the road. 
In estimating the cubic content of any cwttin^ or embank- 
ojent, the operation will be simplified "by coiiai^Qienxi^^Siaft ^^^-^ 
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apart from the trunk or main body of the cutting. For ex- 
ample, let fig. 36 be the section of a cutting, ad being the 




natural surface of the ground ; then if b o is the width of the 
formation surface, b o f e will be the trunk or central portion 
of the cutting, and a e B, f o d, will be the side slopes. Now 
the width of the first is constant, being the formation width, 
while its depth yaries as the depth of the cutting ; and there- 
fore its cubic content for a given length forward is directly 
proportional to the depth of the cutting. If, for instance, the 
line G H were the natural surface of the ground instead of a d, 
the cutting being now twice as deep as before, the cubic con- 
tent of the trunk i b c k would be twice as great as that of 
E B c F. The cubic content, however, of the slopes increases 
in the proportion of the square of the depth of the cutting, as 
is evident from the figure, in which i b being twice as great as 
E b, the slope qib is four times as great as a e b, the triangles 
a, b, c, and d, being evidently equal. It is in consequence of 
these two quantities varying in a different proportion that it 
is found convenient to estimate them separately. In order to 
facilitate the calculation of earthwork, several tables have been 
published, the most complete and elaborate of which are those 
by Sir John MacneilL The following table will be found very 
useful in estimating the content of cuttings or embankments 
of moderate depth, and will give the result very nearly true, 
except in cases in which t\ie t^o evA^ ^1 *viw5^ ^^o&icisv^ 's:^'^ ^ 
rery different depths. Th.e ftt^t , io\3J:^> «w^ ^^^'es^J&o. ^a^^ossss^^ 
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contain the depth of the cutting or height of embankment, in 
feet, for every tenth of a foot, from 0-1 to 26*2 feet; the 
second, fifth, and eighth columns express the content, in cubic 
yards of one foot in width and one chain in length, of a portion 
of the trunk or central part of a cutting, whose mean depth is 
shown in the preceding column. The quantities taken from 
these columns must be multiplied by the formation width. 
The third, sixth, and ninth columns express the content in 
cubic yards of a length of one chain of both slopes, when the 
slopes are formed at 1 to 1. With any other ratio the quan- 
tities derived from these columns must be increased in the 
same proportion. Thus, if the slopes are 3 to 1, the quantity 
obtained from the table must be multiplied by 3. 
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5 
t 

Feet. 
0-1 
0-2 
0-3 
0-4 
0-5 
0-6 
0-7 
0-8 
0-9 
10 
1-1 
1-2 
1-8 
1-4 
1-5 
1-6 
1-7 
1-8 
1-9 
2-0 
21 
2-2 
2-3 
2-4 
2-6 
2-6 
2-7 
2-8 
2-9 
80 
31 
8-2 
8-3 
8-4 
8-5 
8*6 
8-7 
8-8 
8-9 
4-0 
41 



Content for a length 
of one chain. 



IS 



Cub. yds. 
•24 
•49 
•73 
•99 
1-22 
1^47 
1-71 
1-96 
2-20 
2-44 
2^69 
2-93 
3-18 
3-42 
3-67 
8*91 
416 
4^40 
4-64 
4^89 
513 
5*38 
5-62 
5-87 
611 
6-36 
6-60 
6-84 
709 
7^83 
7-68 
7^82 
8-07 
8-31 
8*56 
8-80 
9*04 
9-29 
9-53 
9-78 
10^02 
10-27 



I 



1 

1- 

1- 



4-2 1 10-27 



Cub. yds. 

•02 

•10 

•22 

•89 

•61 

•88 

•20 

•66 

•98 

244 

2-96 

3^52 

4^13 

4-79 

6-50 

6-26 

706 

7^92 

8-82 

9-78 

10^78 

11-83 

12-93 

14-08 

16-28 

16-62 

17-82 

19-16 

20-66 

2200 

23-49 

26^03 

26-62 

28-26 

29-94 

81-68 

33-46 

36-30 

37-18 

39-11 

41-09 

43-12 



! 

O 



Feet 
43 
4.4 
4-6 
4^6 
4^7 
4-8 
4-9 
60 
6-1 
6-2 
6-3 
6-4 
6-6 
6-6 
6-7 
6-8 
6-9 
6-0 
6-1 
6-2 
6-3 
6-4 
6-6 
6-6 
6-7 
68 
69 
7^0 
7^1 
72 
7-8 
7-4 
7-6 
7-6 
7-7 




Content for a length 
of one chain. 



Cub. yds. 
0-61 
0-76 
1-00 
1-24 
1-49 
1-73 
1-98 
2-22 
2-47 
2^71 
2-96 
3-20 
3-44 
3-69 
3-93 
4-18 
4-42 
4-67 
4-91 
6-16 
6-40 
6-64 
6-89 
613 
6-38 
6-62 
6-87 
7-11 
7-86 
7-60 
7-84 
8-09 
8-33 
8-68 
8-82 
9-07 
9-30 
9-66 
9-80 
20-04 



8 



h 



Cub. yds, 
46-20 
47-32 
49-60 
61^72 
64-10 
66-42 
68-79 
6M1 
63-68 
66-10 
68^66 
71^28 
73^94 
76-66 
79-42 
8223 
8609 
88-00 
90^96 
93-96 
97-02 

100^1 

103-3 

106-6 

109-7 

113-0 

116-4 

119-8 

123-2 

126-7 

130-8 

133-8 

137-6 

141-2 

144-9 

148-7 

162-6 

166-4 

160-4 

164-4 

\^^-^ 



O 
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Content for a length 
of one chain. 



IS 

O 

I 



Feet. ! Cub. yds. Cub. yds. 

8-6 20-78 176-6 

8-6 21-02 180-8 

8-7 21-27 I860 

8-8 21-60 189-3 

8-9 21^76 193^6 

9-0 2200 198^0 

9^1 22-24 202-4 

9-2 22-49 206-9 

9-8 22-78 211-4 

9-4 22-98 216-0 

9-6 23-22 220-6 

9-6 23-47 226-8 

9-7 23-71 230-0 

98 23-96 284-8 

9-9 24-20 239-6 

10-0 24-44 244-4 

10-1 24-69 249-4 

10-2 24*98 264-8 

10-8 26-18 269-8 

10-4 26-42 264-4 

10-6 26-67 269-5 

10-6 26-91 274-6 

10-7 26-16 279-9 

10-8 26-40 286-1 

10-9 26-64 290*4 

11-0 26-89 295-8 

11-1 27-18 301-2 

11-2 27-38 306-6 

11-3 27-62 312-1 

11-4 27-87 817-7 

11-6 28-11 328-8 

116 28^36 828^9 

11-7 28-60 384-6 

11-8 28-84 340-4 

11-9 29-09 846-2 

12-0 29-88 362-0 

12-1 29-68 867-9 

12-2 29-82 368-8 

12-8 80*07 869-8 

12-4 80-81 I 376-9 . 



I 
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Content for a length 




Content for a length 




Cflitent for a length 


I 

•c 


of one 


cliain. 


1 


of one 


chff^Hf 


1 


ofoni 


» chain. 


f each foot in 
idthoftnmk. 


f slopes taken 
: 1 to 1. 


f each foot in 
idthoftnmk. 


f slopes taken 
Itol. 


f each foot in 
idthoftnmk. 


f slopes taken 
1 to I. 


X 
Feet. 


O^ 


O? 


X 
Feet 


O^ 


O^ 


X 
Feet. 


o> 


OTi 


Cub. yds. 
8104 


Cub. yds. 
394-8 


Cub. yds. 


Cub. yds. 


Cub. yds. 


Cub. yds. 

1088 


12-7 


16-9 


41-31 


698-2 


21-1 


61-68 


18-8 


31-29 


400*5 


17-0 


41-56 


706-4 


21-2 


61-82 


1099 


12-9 


81-68 


406-8 


17-1 


41-80 


714-8 


21-3 


62-07 


1109 


18-0 


81-78 


413-1 


17*2 


42-04 


723-2 


21-4 


6231 


1119 


181 


3202 


419-5 


17-8 


42-29 


731-6 


21-5 


62-56 


1180 


18-2 


32-27 


425-9 


17-4 


42-68 


740-1 


21-6 


62-80 


1140 


18*8 


82-51 


432-4 


17-5 


42-78 


748-6 


21-7 


63-04 


1161 


18-4 


82-7d 


438-9 


17-6 


4302 


757-2 


21-8 


63-29 


1162 


18-5 


8300 


445-5 


17-7 


43-27 


765-8 


21*9 


53 58 


1172 


18-6 


83-24 


4521 


17-8 


43-51 


774-5 


220 


63-78 


1183 


18-7 


33-49 


458-8 


17-9 


43-76 


788-2 


22-1 


64-02 


1194 


18-8 


33-73 


465-5 


18-0 


44-00 


792-0 


22-2 


64-27 


1205 


18-9 


33-98 


472-3 


18-1 


44-24 


800-8 


22*8 


64-51 


1216 


14-0 


34-22 


479-1 


18-2 


44-49 


809-7 


22-4 


64-76 


1227 


14-1 


34-47 


486-0 


18*8 


44-78 


818-6 


22-5 


66-00 


1238 


14-2 


34-71 


492-9 


18-4 


44-98 


827-6 


22-6 


65-24 


1249 


14-8 


34-96 


499-9 


18-5 


45-22 


836-6 


227 


55-49 


1260 


14-4 


35-20 


506-9 


18-6 


46-47 


845-7 


22-8 


65-73 


1271 


14-5 


35-44 


513-9 


18-7 


46-71 


864-8 


22*9 


66-98 


1282 


14-6 


35 69 


621-1 


18-8 


45-96 


864-0 


280 


66-22 


1298 


14-7 


3598 


628-2 


18-9 


46-20 


878-2 


28-1 


66-47 


1305 


14-8 


36-18 


685-4 


19-0 


46-44 


882-4 


28-2 


66-71 


1316 


14-9 


36-42 


542-7 


19-1 


46*69 


891-8 


28-8 


6696 


1327 


16-0 


3667 


660-0 


19-2 


46-93 


901-1 


28-4 


67-20 


1389 


151 


36-91 


667-4 


19-3 


47-18 


910-5 


28-5 


67-44 


1360 


16-2 


3716 


664-8 


19'4 


47-42 


920-0 


23-6 


67-69 


1362 


15-8 


37-40 


672-2 


19-5 


47-67 


929-5 


23-7 


67-98 


1373 


15-4 


37-64 


679-7 


19-6 


47-91 


989-1 


28-8 


6818 


1385 


15-5 


37-89 


687-8 


19-7 


48-16 


948-7 


28-9 


68-42 


1397 


15-6 


38-18 


594-9 


19-8 


48-40 


968-3 


24-0 


68-67 


1408 


15-7 


38-38 


602-5 


19-9 


48-64 


968-0 


24-1 


68-91 


1420 


15-8 


88-62 


610-2 


20-0 


48-89 


977-8 


24-2 


59-16 


1432 


15'9 


88-87 


618-0 


20-1 


49*13 


987-6 


24-8 


69-40 


1448 


16-0 


39-11 


625*8 


20*2 


49-38 


997-4 


24-4 


69-64 


1455 


16-1 


39-86 


638-6 


20-8 


49-62 


1007 


24-5 


59-89 


1467 


16-2 


39-60 


641-5 


20-4 


49-87 


1017 


24-6 


60-18 


1479 


16-3 


39-84 


649-5 


20-5 


50-11 


1027 


24-7 


60-88 


1491 


16*4 


4009 


657-5 


20-6 


50-86 


1037 


24-8 


60-62 


1508 


16-5 


40-83 


666-5 


20-7 


50-60 


1047 


24-9 


60-87 


1516 


, 166 


40-58 


678-6 


20-8 


60-84 


1068 


25-0 


61-11 


1527 


lie-r 40-82 f 


6S1'7 


20-9 


51-Oft 


\io«% 


\^V\ 


\ «V*^^ 


^ \t»VJ5S ^ 


10-8 4107 / 


adp-p 


21*0 


51'W 


\l01^ 


^^•' 


Ky «V-^^ 


\ \1&Ki. 



